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Abstract 


Degradation of active polymer materials in presence of light, oxygen and 
moistuie is known to be the most important reason limiting the lifetime of devices 
fabricated using light emitting polymers. In this thesis, we focus on monitoring of 
degradation of two most popular light emitting polymers PPV and CN-PPV We 
develop a piocedure for accelerated laser induced degradation and quantify degradation 
rate by monitoring loss of photolummescence (PL). We use this proceduie to optimise 
thin film preparation conditions in terms of ambient and heat treatment schedule. 

Polymeric thin films of PPV and CN-PPV were spin-coated on glass substrate 
under different baking conditions. PL and degradation was studied using 442 nm line of 
He-Cd lasei with 0.5mW/mm^ power Lasei induced degradation in air of PPV films 
show second oidei exponential decay along with changes in components of PL spectra, 
which has foui Gaussian peaks at 508, 543 1, 581, 604 nm. The rates of decay of 
individual components are different Similar experiments with laser irradiation foi 
vacuum diied PPV films show PL enhancement in vacuum, in contrast to PL decay in 
ail Degiadation in air is slower for vacuum diied samples compaied to oven dried 
samples in nitiogcn atmosphere demonstrating efficacy of vacuum drying in reducing 
oxygen content of processed films No peak shift occurs when lasei irradiation is 
canied out under vacuum cleaily indicating absence of production of quenching 
ccnties, which affect conjugation length of polymer chains 

Lasei induced PL degiadation in air of CN-PPV films coated and baked in air 
show dominantly first order exponential decay for baked samples, while the decay is 
second order foi unbaked samples. No peak shift is observed in CN-PPV with deciease 
in PL intensity showing that degraded chains do not give rise to PL, most probably 
owing to diffusion of carriers from degraded to undegraded chains. Degradation rate for 
samples baked in nitiogen ambient is slower compaied to air baked samples indicating 
lole of trapped oxygen oi moistuie in the film. For unbaked samples, decay of PL 
intensity is seen initially and then enhancement is observed at longer times suggesting 
competition between degradation and in-situ drying. First order exponential decay is 
observed foi baked CN-PPV samples in contrast to second older for unbaked CN-PPV 
samples and PPV samples in all cases, Lasei iiradiation in vacuum for CN-PPV films 
piepaied under nitrogen ambient show PL enhancement Significant resistance to 
photo-degradation is observed even in air aftei laser irradiation under vacuum. 

Some of the common instabilities observed in electrical characteristics of single 
layer devices are described. The electroluminescence decay measurements on double 
layer encapsulated PPV-CNPPV device show that at the present stage of our device 
development effort in the Laboratory, the lifetime is limited by faster process than 
material degradation due to photo-oxidation. 

In short, we demonstrate the importance of laser induced accelerated 
degiadation tests, and also show that the lesistance to degradation of light emitting 
polymers can be increased by UV laser irradiation under vacuum. 
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Introduction 


Displays are crucial to all man-machine interactions including information and 
entertainment industry. Cathode Ray Tubes has been so far the most used device 
However, today many alternatives flat display devices to bulky, power hungry cathode 
ray tube (CRT) as are being developed Technology based on Liquid Crystal Display is 
so far the best entrenched of flat panel technologies. But the problem still persists 
regarding the cost and the low efficiency of these displays. LCDs suffer from many 
disadvantages. Not being self-emissive, they require backlighting and hence are not 
efficient They aie not bright and have severe viewing angle limitations The 
developments in the last decade in organic and polymeric light emitting diodes has led 
to tieinendous possibilities in terms of cheap, flat, true colour and bright emissive 
displays. Organic light emitting diodes is likely to emerge as major flat panel 
technology 

Light emitting diodes are about the production of light under application of 
forwaid bias, the basic mechanism being the conversion of electrical enetgy to light 
Theie is injection of elections and holes from cathode and anode lespectively resulting 
in recombination and successive emission of light The wavelength of the light emitted 
depends on the band gap of the semi-conducting mateiials between the electrodes. 
Organic light emitting diode differs from conventional inorganic light emitting diode 
by incorporating either a polymer layer or a layer of small molecules between the 
electiodes One of the electrodes needs to be transparent to facilitate the light output 
and hence typically ITO (Indium Tin Oxide) is chosen to be the anode, which is both 
conducting and transparent. For injection of holes the electrode needs to be a high 
work-function material (ITO 4. 5-5.3 eV) compared to low work-function metals (A1 4.3 
eV, Mg 3.7 eV, Ca 2 9 eV) for cathode to inject electrons. Since the first announcement 
of OLED by Tang and VanSlyke (1987) using small molecule Aiq 3 , theie has been a 
significant advances in this area with the promise of emerging technology having 
several advantages such as wider viewing angle, better resolution and faster response 
time. 

The light emitting devices fabricated using polymer material (PLED) instead of 
small molecules have added advantage of ease of fabrication using spin-coating, inkjet 



printing and screen printing (Padro et a/, 2000; Birmstock et al , 2001). These methods 
of fabrication can easily be adapted to large area applications 

The light emitting propeity of polymers under application of bias arises from 
the conjugation of alternate single and double bonds resulting in a delocalized pi- 
election system along the polymei backbone, which supports negative and positive 
charge earners along the chain These chaiges are tianspoited and they recombine to 
give luminescence fiom the material Among the most popular group of materials 
intioduced weie PPV (poly-para-phynylene-vmylene) with band gap of nearly 2 4eV 
and cyano substituted PPV (CN-PPV) with band gap of 2 1 eV and then MEHPPV with 
bandgap of 2.2eV PPV has the luminescence in the greenish yellow region with 
CNPPV & MEHPPV in the red and oiange region lespectively. Properties of these 
polymei s can be tuned through chemical design methods of changing the backbone oi 
sidegi oups 

The potential foi making laige-aiea flat panel displays (Onada etal , 1995) fiom 
easily piocessable polymei s has driven much of the recent research in the area of 
Polymei ic Light Emitting Diodes(PLEDs) Paiker (1994) fust reported systematic 
investigation of the charge injection properties of different metal contacts in a single 
layer device. For OLED the materials should be chosen by following criteria: 

(a) Emitting region mainly near the visible lange of spectrum. 

(b) Electronic band-matching of organic and metallic layeis (Roman el al , 
1996; Ishii et al , 1997), i.e. harmonious charge injection (Watanabe et al) 
fiom the metal electrode into the organic layer, and charge confinement in 
the emitting zone (Hamaguchi et al., 1996) 

(c) Charge earlier mobility in oiganic layers and deteimination of exact 
emitting zone (Antoniadis et al , 1997) 

(d) Mechanism of interfacial reaction between organic and metallic layeis and 
the solution of contact problem 

The polymeric materials PPV and CN-PPV both are conventionally used as PPV 
acts as a hole transport layer and CN-PPV as electron transport layer. In such a 
multilayer recombination occurs in the CNPPV region as the mobility of electrons in 
CN-PPV is less 
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as compared to mobility of holes in PPV. The injection of electrons forming a 
bottleneck in efficiency of device. But the mam problem hindering full 
commercialization is the lifetime of PLED devices. On encapsulation, there is increase 
in the device lifetime. With careful fabrication practices, lifetimes in the order of 
10,000 - 40,000 hrs have been reported in the literature. However issues controlling 
degradation and lifetime are not well understood. Even on controlling the contact 
degiadation by encapsulation, there is problem of photo-oxidation under the ambient 
light and also from the light generated from within the device itself. The remnant 
oxygen present in PPV itself in its precursor used for spm-coatmg can be responsible 
for degradation. Also there are reports of diffusion of oxygen from ITO. Hence, the 
photo-degradation of the mateiial itself restricts the lifetime even in an encapsulated 
device 

On the road to widespiead commercialization of PLED technology, there is a 
iiigent need for studies on the factois affecting degiadation, and specifically steps 
which can be taken to control the photo-degiadation in the mateiial to improve the 
lifetime of devices 

LI ORIGIN OF Tins WORK 

Keeping in view international developments in this filed, organic and polymeric 
diode based displays are being developed at Indian Institute of Technology, Kanpur by 
an interdisciplinary gioup at Samtel Centre of Display Technologies (SCDT). Basic 
materials needed for this research are being synthesized and tested for suitability of 
devices. In tlie course of development of this work, deposition of thin polymer films 
and their characterization as regards their suitability has become an important 
component 

1.2 STATEMENT OF PROBLEM 

Among the chief concerns of material and device development in Polymeric 
LED technology is degradation of luminescence in presence of light and air ambient. 
Though there have been many studies on the degradation of specific polymer called 
MEH-PPV. Of the two most important materials for PLED application, 
photodegiadation of PPV has been studied to some extent whereas CN-PPV is yet to be 
studied. A coherent understanding of photodegradation is yet to emerge. 
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In this work, we specifically want to develop a method of accelerated photo- 
degradation so that degradation resistance of mateiials and thin films grown in the 
technology development effort can be studied Such studies besides giving insight to 
mateiial degradation mechanism, can be fruitfully be used to quantify degradation 
resistance and hence can be used to optimize process paiameters while depositing thin 
films. 

We seek to study degradation of PPV and CN-PPV films spin-coated in 
diffeient ambients (nitrogen, air and vacuum) and baking conditions. We use 
photoluminescence as a chief measurement tool in older to focus on material 
degradation issues as sepaiate from device degradation issues The pioblem of 
degiadation of PLEDs is very wide in its scope. Hence we limit ourselves to mateiial 
degiadation under UV lasei irradiation, and to an enumeration of some of the pioblems 
encounteied in monitoring electiical degradation of devices used in the early stage of 
their development 

1.3 ORGANIZATION OF THE THESIS 

In Chapter 2, background and peispective of technologies being used for flat 
panel displays aie desciibed to biing out principles and advantages of Oiganic Light 
Emitting Diodes. In Chapter 3, piinciples of some of the irapoitant characterization 
techniques are desciibed Chapter 4 is a brief review of the degradation studies lelated 
to photo-oxidation of light emitting polymers Chapter 5 desciibes the materials and 
methods along with the experimental setups used foi this work. The main tesults and 
conclusions are detailed in the following two chapters 
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2. Background & Perspective 

2.1 LCD-Liquid Crystal Displays 

2.1.1 Background 

LCDs are based on the unique properties of liquid crystals. Liquid crystals are 
an inteimediate form between disordered molecules in a liquid and the ordered 
molecules in a crystalline solid form, yielding a liquid with a crystalline behaviour. The 
phenomena of the liquid crystals have been known foi over 50 years but were not used 
in displays until the discovery of the properties of twisted nematic in 1971, which lead 
to the start of a new display eia The advantages compared to CRT are lower power 
consumption, thinner structure and less flickering The disadvantages on the other hand 
consist of a pooi viewing angle, more expensive manufacturing and unreliable coloui 
perfoimance 

2.1.2 Worldiig Principle 

LCD works as a light modulator by affecting the polarization angle of a liquid 
crystal using an electrical field. The display does not emit any light by itself and must 
therefore be illuminated reflectively or by background lighting. LCD consists of a 
number of liquid crystal cells forms the display. The thin glass layers encapsulating the 
liquid have a very thin row like patterns allowing the rods only to be placed in the same 
oiienlation as the patterning. On placing the glass layers with a 90° difference, they 
affect the rods in the liquid to be twisted by 90°. This configuration is called Twisted 
Nematic (TN) and can be seen in Figure 2. 1.2.1 



Fig 2.1. 2.1 : A typical schematics of LCD operation (Thesis Stark et al ) 
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When an elect! ical field is applied to the liquid crystal cell the lods oiient 
randomly and no twist of the polarizing angle is achieved. Two polarization filters are 
placed at each side of the liquid crystal layer that can be arranged in a parallel or a 
crossed manner depending on function desired. If they are placed parallel, the LCD is 
in black mode and only allows light to pass if a voltage is applied. In white mode, the 
display allows the light to emit thiough if there is no voltage and block the light when a 
voltage IS applied. Due to the parallel filter arrangement a small light leakage is 
apparent even when the display should be dark. This leading to a lower contrast ratio 
for black mode displays compared to white mode displays Different grayscale levels 
aie achieved through modulating an analog driving voltage to change the amount of 
twist of the lods 

2.1.3 Types of LCD 

LCDs can be also classified as reflective and transmissive displays. The 
transmissive LCD is illuminated by a backlight behind the display panel, which is often 
a fluorescent tube, oi a panel of LEDs that is positioned in such airangement that it 
coveis as large area as possible. A prism can also be used to enhance the distiibution of 
light. One common method to display full-colour is achieved by splitting each pixel 
into three side by side placed sub pixels, one for each RGB colour, red, green and blue. 
The sub pixels contain band pass filters usually dyes that are filtering the white light 
from the backlight to achieve the right wavelength. But a leflective LCD uses the light 
from an external light source, which the panel reflects. It is also possible to use 
leflective display without an external light source in environments with a high 
surrounding illumination, e g. mobile phones and hand calculators. 

One drawback for leflective LCDs is that the field-sequential colour 
representation results in a three times faster refiesh rate needed, compared to 
transmissive LCDs. To avoid this a lotating colour scheme can be used. This works by 
dividing the screen into three equal parts for each colour, which continuously moves 
ovei the display surface resulting m a three times faster flame rate (Shimizu, 2000). 
Another drawback is that the position of the reflective light source can limit the 
viewing angle, allowing the display only to be used in near-eye or piojection 
applications. But the pixels do not have to be that tight patterned compaied to 
tiansmissive displays, where the pixels must be three times tighter patterned due to the 
sub pixel colour representation. 
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2.2 OLED - Organic Light Emitting Diodes 

2.2.1 Device Structure 

2.2. 1.1 Single Layer Structure 

The device structure consists of anode and cathode with polymer in-between 
The anode injects hole and hence should have a higher work function compared to 
cathode inateiial to inject holes The anode ITO (Indium Tin Oxide) and cathode metal 
are on two sides of the polymer mateiial in device configuration The reason for using 
ITO in light emitting devices is requirement for one of the electrodes to be transparent 
so that the emitted light is able to come out. ITO serves both purpose as a transparent & 
electrically conducting material. The ITO sputtered thin film glass plates are available 
commercially. The polymer is spin coated above the ITO film and then subsequently 
cathode material deposited at the top. The schematic of device structure is shown in 
Figure 2.2 1 1 1 


a 


poly(p-phenylenevinylene) 


indium-tin 

oxide 



aluminium, magnesium 
or calcium 

External 
circuit 


Fig 2.2..1.1.1: OLED device structure (Friend e/ al ) 

But ITO films on glass cannot be used for fabrication of flexible displays due to 
inflexible glass. For the purpose of flexible displays, Al-doped zinc oxide (AZO) (Zhao 
et al, 2001) below ITO can be used as anode. Polyaniline (Karg et al, 1996) is also 
lepoited to be viable as anode mateiial for hole injection. There aie also reports of 
indium contamination from ITO and the resulting degradation (Chao et a!, 1996, 
Schlatmann et al , 1996). To avoid this problem, conductive polymeric layer is inserted 
in between the ITO and the luminescent polymer layer. The layers used are polypyrole 
(PPY) (Vaz et al , 2001) and PEDOT. Polyfluorenes (Sainova 2000) used before the 
cathode results in pronounced increase of luminescence efficiency. Oxygen plasma 
(Milliron et al, 2000) treatment of ITO results in increase of workfunction resulting in 
better injection of holes 
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2.2. 1.2 Double Layered Structure 

The single layer device layer used has lower efficiency as PPV has lower barrier 
for holes compared to that for electrons Hence PPV transports holes more effectively 
than electrons and hence the injection of electrons limits the efficiency. Similarly for 
CNPPV the case is just opposite where the injection of electrons is easier So if a 
double layer structure with ITO-PPV-CNPPV-Al is used then PPV acts as hole 
transport layer and CNPPV as electron transport layer resulting in balance and higher 
efficiency of the device due to better injection and charge confinement (Greenham el 
al , 1993), Also there is less quenching of electrons and holes due to better balance and 
the device is also brighter In the double-layered device the recombination mostly takes 
place in the CNPPV region as it has a lower bandgap (2.1eV) compared to PPV (2 4eV) 
and also because the mobility of holes throxigh PPV is higher compared to that for 
electrons in CNPPV. Hence if a very thin layer of CNPPV is used compared to PPV 
then the lecombination may take place in the PPV region Also the recombination zone 
depends on the applied voltage and also on temperatuie of opeiation as the mobilities 
are dependants on temperatuie. A figuie of the structuie is shown in Figure 2 2.2.2 1 


LED 
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energy 



no PPV CN- Ca 
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Optical 
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Fig 2.2.1.2.1: The electrons and holes then travel thiough the polymer layer, combine 
to foim an exciton, and emit a photon of visible light (Greenham et al) 

2.2. 1.3 Multi-layered Device Structure 

To further improve the efficiency of the device, three oi multi-layered sti uctures 

are used. In the three-layered structure, a desired electroluminescent mateiial is used in 

between the hole and electron-transporting layer. . Typical structures of an OLED cell 

are shown in Figure 2.2.1 3.1 
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(A) (B) (C) (D) 


Fig 2.2.1.3.1; ETL-Electrons Transport Layer, LL-Luminescence layer, HTL-Holes 
Transport Layer 

Further transporting layers are also used to improve the efficiency by increasing 
the piobability of the election-hole recombination. In the lecombination electron hole 
paiis called excitons are formed, which may decay ladiatively or phononically 
depending on the spin of electrons and holes. If the spins are in opposite directions then 
ladiatively decaying singlet exciton is formed, otherwise triplet exciton is foimed 
which decays as theimal energy or heat. 

2.2.2 Organic Semiconductors 

2.2.2.1 Semiconducting polymers and their applications 

Traditionally polymers have been associated with insulating properties in the 
electronic industry and are applied as insulators of metallic conductors oi photoresists 
Since the serendipitous discovery in 1977 of the doping of polyacetylene, which 
resulted in increase of the conductivity of polyacetylene by eleven ordeis of magnitude 
(Shirakawa et al, 1977; Chlang et al, 1995), many lesearch laboratories initiated 
piojects in the field of conducting polymers. Although the initial emphasis was on the 
conduction properties obtained by doping of conjugated polymers, since over a decade 
the research has focused on soluble and intrinsically (semi) conducting polymeis. In the 
25 years that have elapsed, many novel materials were designed, synthesized and 
developed for their specific physical or chemical properties and implemented in a 
variety of applications. 

In arriving at a semi-conductive polymer, the majority of attention has been 
centered on conjugated polymers. Conjugated polymers have been found to have the 
necessary metallic and electrical characteristics required of a semiconductor. In 
comparison with a normal polymei, conjugated polymers possess a delocalized pi- 
electron system along the polymer backbone. It is the delocalized pi-electron system 
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that allows the polymer to support negative and positive charge carriers along the chain 
as shown Figure 2.2.2. 1 1. The molecular structure of PPV is shown in Figure 2 2.2.1 2 



Fig 2.2.2.1.1; Delocalized conjugated polymer 
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Fig 2.2.2.1.2: Molecular structure of PPV 

In 1990 the Cambridge group reported emission of light from a plastic sandwich 
that was connected to a battery. The discovery of electroluminescence (EL), i.e , the 
emission of light upon excitation by the flow of electric current, in conjugated polymers 
has provided a new impetus to the development of light-emitting diodes (LEDs) for 
display and other applications (May et al, 1995). In LEDs, the injected holes and 
electrons recombine and produce luminescence with a wavelength (color) that depends 
on the energy difference between the excited state and the molecular ground state. For 
the majority of conjugated polymers, election injection is mote difficult than hole 
injection, since the majority of conjugated polymers are more easily oxidized than 
reduced. Using metals with a low work function (e.g. calcium) as the cathode material 
has partly remedied this pioblem. However, calcium is highly susceptible to 
atmospheric degradation as it is highly reactive metal. Therefore should be 
encapsulated by a metal that does not react with oxygen and moisture, like aluminum or 
gold. With the appiopriate choice of polymer and device design, external efficiencies of 
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up to 4 % can be obtained, which is compaiable with the best EL devices based on 
inorganic materials. Turn-on voltages of 5 V or below have also been achieved by the 
use of charge-transporting layers, enabling devices to be run from low-power sources 
like batteries. 

Polymer-based electroluminescent displays provide a good alternative to the 
well-established display technologies based on cathode-iay tubes and liquid-crystal 
displays (LCDs) with respect to processability and viewing-angle. Especially for the 
application in large-area displays and flexible displays, for which the conventional 
methods are not well suited, polymer light-emitting diodes (PLEDs) offer great 
advantages. 

Two years after the breakthrough in Cambridge, the Santa Barbara group 
reported the first results on polymer-based photovoltaic cells (Sariciftci et al , 1992), 
the principles of which can be regarded as the inverse of the EL process. In 
photovoltaic devices (PVDs), a bound election-hole pair (exciton) is created upon 
illumination, which needs to be dissociated into separate charges that must be driven 
out by the built-in potential field between two electrodes with different work functions. 
To dissociate the exciton, the concept of electron donor and acceptor is frequently used, 
in which the electron affinity of the electron acceptor should be larger than the 
ionization potential of the donor (Bredas et al., 1996). Since the first publications, most 
PV cells are based on blends of poly (p-phenylene vinylene) (PPV) derivates and C60 
as light absorber/electron donor/hole conductor and electron acceptor/electron 
conductor, respectively, a combination which has pioven promising (Brabec et al., 
1999) PPV-based materials are widely investigated for their opto-electronic properties 
(Sengura et al , 1998; Tessler et al, 1999; Friend et al, 1999) and the ability of C60 to 
accept several electrons (Echegoyen et al, 1998) makes it a particularly attractive 
material for the use as election acceptor. Its low solubility is a major drawback, 
however. A way to overcome this is the functionalization of C60 with side-chains or 
the incorporation of C60 into polymers, thus yielding materials that combine the 
physical properties of fullerene with the processability of polymers (Chen et n/,1998; 
Geckeler et al, 1999). Upon irradiation of an organic PVD, an exciton is created in the 
PPV phase, which is followed by a very rapid electron transfer (< 200 fs) to the C60 
phase (photoinduced electron transfer). Since all other known competing relaxation 
processes in conjugated polymers occur on time scales that are orders of magnitude 
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laiger, this ultra-fast charge transfer must have a quantum efficiency of approximately 
unity, i,e., nearly all excitons that are created near the donor-acceptor (D~A) junction 
are transferred to the C60 phase. Despite the high electron transfer efficiency, the 
power conversion efficiency of polymer/fullerene-based photovoltaic devices is 
typically still in the lange of one percent due to the low mobility of holes on the 
conjugated polymer and the formation of a noncontinuous pathways for the charges, 
which results in an inefficient collection of charges at the cathode and anode, 
respectively (Gao et al, 1997). Recently, power conversion efficiencies of 2.5-3 % 
were reported for mixtures of substituted PPV and C60 solution-processed from 
chlorobenzene (Shasheen et al., 2001, Brabec et al , 2001). 

2.2.2.2 Polymer Light Emitting Diodes (PLED) 

For collection (injection) of holes in (PLEDs), indium-tin oxide (ITO) is most 
commonly used as the anode, which exhibits a high work function (4. 5-5, 3 eV) (Kim et 
al , 1998) close to the HOMO-level of the conjugated polymers. Fuithermore, ITO is 
tiansparent foi the visible spectium, allowing the transmission of generated (incoming) 
light out of (into) the sandwiched device. For collection (injection) of electrons, a low 
work function metal such as Al (4.3 eV) can be used as a cathode. Election collection 
(injection) can be improved to some extent by using cathodes with a lower work 
function (Mg, 3.7 eV; Ca, 2.9 eV), but these cathodes have the disadvantage of being 
more susceptible to oxidation. 

Early work on PLEDs was based on sandwiching a PPV -type polymer (single 
layer) between dissimilar electrodes, but it became evident that electron injection was 
very inefficient due to the energy barrier between the work function of the metal and 
the LUMO of PPV. Furthermore, as a result of the high injection bairier, recombination 
of charges occurred close to the metal-organic interface, and, consequently, the metal 
could acts as a quencher of the electroluminescence. Therefore, researchers switched to 
a double layer device consisting of PPV with a high electron affinity or another electron 
tiansporting polymer e.g, based on oxadiazoles cast on top of a more commonly used 
PPV. The introduction of an appropriate electron transporting layer (ETL) not only 
lowers the charge injection barrier, but it can create an energy offset for holes and a 
barrier at the emissive layer/transport layei interface. This effectively blocks the hole 
curient at the interface and results in a positive space-charge interfacial zone in the 
emissive layer. The space-charge zone will increase the field over the ETL resulting in 
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enhanced electron-injection from the cathode The progiess of PLED is shown m 
Figure 2,2.2, 2.1. 



Fig?2.2.2.1; Current scenario and progress of LED and OLED 
Figure 2.2.2.2.2 A shows the schematic energy diagram of an organic singJe- 
layer LED in which the holes (h+) and electrons (e-) are injected in the HOMO and in 
the LUMO, respectively. Figure B depicts a double-layer EL device in which electrons 
and holes are injected from the electiodes into ETL and hole transport layer (HTL), 
lespectively. These earners recombine to foim an exciton that may radiatively decay 
(emit light). 



A B 


Fig 2.2.2.2.2: Energy diagram of single and double layer OLED 

Contiolled chemical modifications of the inorganic surfaces can improve the 
device performance tremendously as demonstrated by the vapor deposition of a very 
thin layer (< Inm) of LiF before vapor-depositing the metal cathode (Hung et al, 1997; 
Bao et al, 2000). ITO/polymer interface can be easily modified by spin-coating a layer 
of p-doped conjugated polymer (PEDOT/PSS) (Ho et al , 2000), work function (~5.2 
eV) enhances the device uniformity and lifetime due to its environmental stability. 
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2.2.2.3 Organic Materials 


Attractive due to* 

• IntegrabUlty with inorganic semiconductors 

• Low cost (fabric dyes, blologlcaHy derived materials) 

• Large area bulk processing possible 

• Tailor molecules for specific 

electronic or optical properties 

• Unusual properties not easily attainable 

with conventional materials 


But problems exist: 

• Stability 

• Patterning 

• Thickness control of polymers 

• Low carrier mobility 

Fig 2.2.2.3.1: Organic Materials 

OLED devices can be divided in two classes depending on the technology used, 
conjugated polymers and small molecules The first approach was the small molecules 
and it was developed at Eastman Kodak. Together with Sanyo Electric, Eastman Kodak 
has formed a joint venture to pioduce OLEDs, mainly focusing on 1-6 inch lower 
resolution active matrix displays The researchers in the Cavendish Group at 
Cambridge University discovered the emitting properties of conjugated polymers They 
later formed the company Cambridge Display Technology Ltd (CDT), which is the 
leading research company on conjugated polymer displays today. 

Small molecules in OLED has shorter chain length compared to polymers. So in 
small molecules the transport is usually of hopping type and the bandgap of small 
molecules such as Alq 3 is generally higher. The conjugated polymer such as PPV and 
CNPPV etc are based on this hopping type conduction. It has been observed that the 
PPV with higher disorder has internal quantum efficiency of 0.22% (Son et al , 1995) 
compaied to 0.01% reported by Borroughes et al, 1990. So cis linkages are 
intentionally engineered into the PPV chain to increase the asymetricity and reduce the 
crystallinity. Work by Yan (1994) indicates that the photoluminescence efficiency can 
be increased in a polymer by separating the polymer chains. To afford the solubility of 
PPV in good spinning solvents, introducing xanthate group during polymerisation 
modifies Wessling method. Others polymers and organic semiconductors (Braun et al., 
1991) are also used for LED. Band structure (Zhao et al., 2001) of PPV is shown in the 
Figure 2 2.2.3 .2. 
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LED device performance is dependent upon the luminescence efficiency of the 
polymer material. The luminescence of these polymers tends to be lowei in the solid- 
state than for isolated chain molecules because the excitons can migrate to quenching 
sites, such as aggregates or chemical defects. Aggregates can serve as quenching 
centres because inter-chain interactions can produce optically dark excited states lowet 
in energy than the optical state that provides a non-radiative pathway to the ground 
state. Attaching bulky side groups to the conjugated polymer backbone, such as alkyl 
gioups, can reduce inter-chain interactions. These side groups serve to dilute the 
polymer backbone, which minimizes the effects of aggregation, but they can also 
inhibit the transport of charges through the polymer film. More recently, in order to 
reduce the significance of tc stacking, helical polymer (Xu et al, 2000; Barker et al , 
2002) structuies have been formed by the inclusion of a biphenyl group in the unit cell 
structure, which has been shown to increase photoluminescence efficiencies. 
Luminescence is also affected by the structure of tlie polymer such as structiira) 
distortions along the chain and a “kink” oi torsional disorder along the chain, can 
reduce the delocalization of the n bonds along the polymer backbone. Tlie planarity of 
the polymer is affected by the nature of the substituents, temperature, and the choice of 
solvent. In corporation of p-Si (Zhou et al, 1999) in OLED decreases the turn on 
voltage and there is better injection of holes, but using p-si is problem as it is opaque so 
the purpose of using ITO as a transparent electrode is lost. But p-Si can be used foi IR 
purpose, as Si is transparent in this region. ITO is generally used for the visible range in 
OLED. Several deposition techniques have been used to grow ITO thin films above 
glass including chemical vapor deposition (Maruyama et al, 1991), magnetron 
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sputtering (Buchanan et al , 1980; Wu et al , 1994), evaporation (Nath et al , 1980), 
spray pyrolysis (Vasu et al , 1990), and pulsed laser deposition (PLD) (Zheng et al , 
1993; Coutal et al , 1996). ITO is generally coated on glass by sputtering method It has 
been reported that ITO deposited by PLD has much lower surface roughness (Kim at 
al, 1 999) and has better device performance. 

2.2.2.4 Conjugated Polymers 

Conjugated polymers exhibit semiconducting properties because the bonding 
and anti-bonding n orbitals along the polymer chain form valence and conduction 
bands that support mobile charge carriers. These polymers are idea! for device 
applications since they combine the processability and the mechanical properties of 
polymers with the optical and electronic properties of semiconductors. Due to their 
combination of photo-physical and semi-conducting properties, conjugated polymers 
aie promising materials for the construction of devices such as OLED and solid-state 
lasers. 

2.2.3 Advantages of OLED Based Displays 

OLED is an emissive device and therefore does not suffer from the viewing 
angle limitation like a Liquid Crystal Display (LCD) cell. For any device to become a 
viable candidate for use in flat panel displays it has to be able to demonstrate high 
brightness, good power efficiency, good colour saturation as well as long lifetime. 
Reasonable lower limits (Bulovic et al, 2000) for any candidate device: brightness of ~ 
100 cd/m^ operating voltage of 5-1 5V and a continuous lifetime of at least 10,000h. 
Saturated-colour OLEDs have been demonstrated, spanning almost the entire visible 
spectrum. Moreover, the thickness of an OLED structure, which typically Is less than a 
micrometer, allows for mechanical flexibility, leading to the development of flexible 
displays indicating the potential development of rolled or foldable displays. 
Furthermore, the recent development of vapour phase deposition techniques for OLED 
manufacturing piocess may well result in a low-cost large-scale production of OLED 
based flat panel displays compared to LC based displays that require extra processes 
such as layer alignment and tilt angle adjustment. 

2.2.4 Problems of using OLED 

OLED are organic devices and their environment easily affects their electrical 
properties. In the case of OLED, when its electrical characteristic changes, the power 
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efficiency degrades In addition to this, the initial I-V characteristics of OLED cells 
depend on a large number of factors, like local shorting and pinhole, which may be 
difficult to control. OLED made using Alq, as the active Electro Luminescence (EL) 
layer is driven with current of 5mA/cm', lost 50% of its initial intensity m lOOh even 
when it is operated in dry Ar (Argon) as reported by Buitows el al, (1994), It was also 
reported that a blue OLED showed a decrease of 90% of its initial EL intensity in 130h 
when operated in dry N 2 (Nitrogen). Operating OLED in air resulted in 99% loss of EL 
intensity in as little as 150 min. It is indeed clear that such short device lifetimes, even 
in inert atmospheres, render OLEDs ineffective foi commercial applications. In that 
particular paper by Burrows et al, (1994), an encapsulation mechanism is suggested 
that prolongs the lifetimes of the OLEDs device by two orders of magnitude But even 
with the encapsulation mechanism, the power-efficiency characteristic of the device 
does not remain constant during its lifetime although within an acceptable range for 
sufficient brightness. Figure shows the average optical power output degradation 
(Burrows el al , 1994) over timq and the voltage required to maintain the same level of 
current through the OLED device. Present devices have the same characteristics curve 
although the lifetime is increased to the order of 10000-20000 houts. 
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Fig 2.2.4.1 : (a) Average Optical Power Variation of OLEDs with Time. 

(b) Average Voltage variations required maintaining a cut rent of 1mA 
through the OLEDs (Burrows el al.) 
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In addition to the power efficiency variation, the power output characteristic 
also changes in a non-uniform way with time. A particular level of current or voltage 
does not correspond to a fixed level of optical power output 

2.2.4. 1 Current-Voltage Characteristic Variation 

Current Voltage characteristic of OLED is characterized by fluctuations. The I- 
V characteristics also depend on temperature, which pose another challenge in 
commercial use. There may be change in temperature of the device due to heating 
during operation. So the temperature as well as the characteristic may become 
unpredictable. 

Besides temperature, the I-V characteristic also depends strongly on the type of 
anode/cathode used in the device as well as the thickness of the organic active EL layer 
Figuie shows the I-V characteristic variation with the thickness of the organic layei 



Fig 2.2.4.1.1 : I-V characteristic variation with thickness of the organic EL layer 
(Buriows e/ «/., 1994) 
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3. Characterization Techniques 

The characterization is the first step for determining the usefulness and salient 
features of any new material. The principal characterization methods can be subdivided 
between electrical and optical characterization for use m semiconductor device 
purposes. The photo characterization becomes more important for use as light emitting 
purpose, where the proper output of the pioduced light is also important factor limiting 
the efficiency of the device, 

3.1 Electrical Characterization 

3.1.1 Current-Voltage measurement 

The current voltage measurement is important for any device structure and 
determines its usefulness. The diode behavior in the forward bias with almost 
exponential increase of current after cut-off voltage is seen for the organic devices But 
it shows almost same behavior in reverse bias unlike inorganic diodes where there is 
piesence of depletion layer. But the magnitude of current is less in reverse bias 
compaied to foiward. Also some aspects about the transport mechanisms can be 
determined fiom the ohmic legion, space charge limited legion and trap assisted region. 
The double-logarithmic I-V plot can be divided into three distinct regions’ region 1 is 
the non- linear region due to non-exponential behavior of diodes at low voltages 
(leakage curients amongst other factors); region 2 is the lineai region and region 3 
wheie the curient is limited by the series resistance. 



Fig3.1.1.1 : Semi-logarithmic I-V plot for a typical Schottky diode 


The organic devices have been also reported to show photo-detector (Yu et al., 
1994) characteristics with illumination undei light especially VIS-UV light. The 
photosensitivity increases with reverse bias voltage. Photovoltaic effects have been 
observed in devices fabricated from PPV (Karg etai, 1993; Marks et al , 1994; 
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Antoniadis et ah, 1994) Recently, the dual-function characteristics of polymer devices 
light emission and photodetection has been demonstrated (Yu et aL, 1994) The 
illumination structure of device is shown in Figure 3 1,1.2 
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Fig. 3. 1.1.2: Device arrangement for photo measurements (Yu et al) 


The I-V chaiacteiistics varies with following factors’ 

♦ From tempeiature 1-V the bandgap of the mateiial can be determined. But in 
oiganic semiconductors, the bandgap itself is temperature dependant 

^ The 1-V also depends on the type of elect! odes in OLED as it determines the 
injection and hence the Vbi and the threshold voltage. 

^ The I-V also depends on whether it is done in dark or under light (Malliaras et 
al , 1998). Under light irradiation, there is generation of carriers that eventually 
increases the current. The light should be neai the absorption peak for the 
generation of carriers and enhancement of current. The reveise bias 
characteristic also gets modified under light. The figure shows the dark and 
under light I-V behavior ofMEHPPV: 



Fig. 3.1.1.3: The voltage dependence of the current densities in the daik open triangles 
Under illumination (Malliaras et al.) 


20 




The spectral response of photocnrrent demonstrated that photon absorption near 
the electron' collecting electrode optimizes the photocurrent, indicating the device 
performance is limited by low electron mobilities in the bulk PPV. The photocurrent 
exhibits weak temperature dependence, with an activation eneigy that is a function of 
electric field in the polymer. A table with photovoltage of 120 nm PPV device is 
shown below. 


Table 3.1. 1.1; Photo-voltageof ITO-PPV-Metal device (Marlis eiai, 1994) 


Metal ooatact used 

Measured maximuiD 

phctovoltage 

(V) 

Metal work function 
(eV) 

Difference in work function 
wHh respect to no 

CV) 

Aluminium 

1,2 

4.2S 

OJf 

Magnesium 

12 

3.66 

1.2 

Caldum 

1.7 

2.87 

1,9 


As in the Figure 3.1 1.4 below the vaiiation in the photocurrent with PPV film 
thickness is shown with the corresponding dependence of peak with temperatuie. The 
peak broadens and shifts to highei energy with higher film thickness. Below 300K 
photocurrent is almost insensitive to temperature, but above this temperature, the peak 
position shifts to higher energy and the peak broadens 
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Fig. 3.1 .1.4; Photocurrent variation of PPV with film thickness and temperature (Maiks et al) 


This method can be used to find out exciton binding energy, which is found out 
to be about 0.4 eV for PPV. 
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3.1.2 Current time measurement 

The current-time measurements can be used to measure the stability of the 
device under constant voltage. The variation in the current shows instability of the 
device Sometimes voltage is also measured keeping current constant, 

3.1.3 Capacitance Voltage Measurements 

Capacitance voltage measurement is used for the determination of traps by 
DLTS (Deep Level Trap Spectroscopy) method Also the characterization of fixed 
chaigcs is possible by comparison with ideal behavior. The mobile charges can also be 
characterized by C-V measurements under different temperatures Interface traps can 
also be determined by distortion and streachout effect on the C-V curves. Also the 
interface capacitance gets frequency dependent, 

3.1.4 Impedance Spectroscopy 

Impedance spectroscopy is a powerful tool to determine the interface properties 
at contacts. The bulk and the contact factois can be separately analyzed and especially 
the electrical degradation mechanisms can be studied. In a degiaded device to 
determine exactly what has degraded the polymer or the contacts, is an ideal method. 
Also the resistance capacitance, the vaiiation of impedance with frequency can be used 
to determine the involved mechanisms. 

3.1.4.1 Principle 

The basic principle of impedance spectroscopy is to measure impedance as a 
function of fiequency and bias voltage. The basic equation can be written as; 

ZCco^Vo) = SV(CO) / 51(05) 

The impedance at any frequency co is a complex number because 6I((fi) contains 
phase information as well as magnitude - the AC cuirent may have a phase lag 0 with 
respect to the AC voltage. Hence if we apply V=Vo + 1 5V | cos(o)t) and measure I = lo 
+ 1 51 1 cos(cot-0), 

Z(q),Vo) = ( I 6V I / 1 51 1 ) X {cos(e) + i sin(e)} 

where i^ = -1 and both magnitude and phase of the impedance, | Z\ and 0 vary with © 
Then Re{Z} = | Z(0) I x COS[9(0)] 
and lm{Z} = |Z(0)1 x sin[0(co)] 
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An electrical layer of a device can often be described by a resistor and capacitor 
in parallel as shown in Figure 3. 1.4.1 1 
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Fig 3. 1.4. 1.1: Typical impedance of a RC circuit 


When we plot the real and imaginary components of impedance in the complex 
plane, we obtain a semicircle or partial semicircle for each parallel RC network. This 
plot is Icnown as Cole-Cole (Cole et ai, 1941) plots as shown in Figuie 3 1 4 1 .2 



Fig 3,1.4.1.2; A typical impedance plot 
The diameter corresponds to the resistance R and the frequency at the 90° 
position corresponds tol/t = 1/RC. There are also two related quantities: 

1 . Admittance Y((o,Vo) = 1/ Z (co.Vo) 

The diameter of the admittance plot usually corresponds to 1/ RE^§lS shown in Figure 
3.1 4.1.3. 


Im {Y} 


Y(co,Vo> =1/21 Cao,V,^) 
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2. Modulus M (co,Vo) = icoZ (co.Vo) 


Modulus plots also give semi-circles but the diameter now corresponds to 1/C, the 
frequency at the 90° position is again l/x= 1/RC, The modulus plot is shown in Figiiie 


3.1 4.1.4 
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Fig 3. 1.4.1. 4: A typical M plot 

The inferences that can be derived from impedance spectroscopy are following: 

^ Model of the electrical behavior of the device in teims of an equivalent circuit 
comprising of lesistors and capacitors at different voltages and frequencies. 


[r{> 



Ci Cg 

Fig 3.1.4.1.5: A typical circuit equivalent for piactical device modelling 
Calculate the electric field distribution within the device 
Calculate the charge carrier concentration 
Degradation and ageing 


3.1.4.2 Analysis 

By using the various Cole-Cole plots of Z, M and Y, values of the elements of 
the equivalent circuit can be calculated for any applied bias voltage. 



Re {Z} 


Fig. 3.1.4.2.1: impedance analysis of RC modeled device 
By doing this over a range of bias voltages, the field distribution can be 
obtained in the layers of the device (potential divider) and the relative widths of the 
layers, since C ~ l/d Two-time constants ti and X 2 according to two sets of parallel RC 
circuits. The R« is related to the resistance value at very high frequencies and usually 
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due to contact resistance. Ri and Rj values correspond to Rbuik and Rms Hence the 
variation can be measured to find out actually which is degrading, the polymer or 
contacts 

3.1.4.3 Problems with Impedance Analysis 

> With polymer LEDs, the Mott-Schottky (1/C^ vs V) plot must be used with 
caution! It is possible to measure a change of the device capacitance even 
though this is due to a change in one of the parallel resistances (change of time 
constant t) and not due to a change of the capacitance or width of a depletion 
layer! Hence the change of capacitance should be verified 

> The Cole-Cole plots do not always give perfect semi-circles. Diffuse interfaces 
can give rise to other features - depressed semi-circles, constant-phase elements 

)> More variation may be seen between notionally ‘identical’ devices than between 
devices wheie it may seem that an experimental parameter varied. In particular, 
the impedance spectia aie rather sensitive to oxygen and moisture. 

3.2 Photo-characterization 
3.2.1 Photoluminescence 

Photoluminescence (PL) is an important physical phenomena used to 
characterize semiconductors which depicts a sample’s energy structure while possibly 
revealing other important material features. In brief, PL occurs when a sample absorbs 
light of some frequency and emits light at a specific frequency corresponding to the 
mateiial’s specific structure, composition and quality. It involves a system excited by 
electromagnetic (EM) radiation, is classified as an optical luminescence technique. 

As the incident light (EM radiation) impinges on the sample, it causes electrons 
to be elevated into excited states, as depicted in Figure 3. 1.1. 2, a typical energy 
diagram for this process. Since lasers can provide “power sufficient to excite an 
adequate signal, the incident light typically comes from a laser source with energy of 
hwiasei- When tlie excited electron lelurns to its initial state, it may generate a photon 
with energy hwpi (and possibly multiple phonons with combined energies of hOphonon- 
The energy conservation, can be expressed as Equation: 

f^W/aser ~ ^'^^lionon 

Laser is irradiated having energy higher than the bandgap of the material, and 
then the material gives luminescence spectrum according to the bandgap of the 
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material. In this the election hole pair generated by the laser recombines in the process 
emitting a photon with energy of the bandgap and other secondary levels. The various 
methods are shown in Figure 3.2.1 1 



Absorption 



Scattering and Photoluminescence 



Although the time-dependence of these effects can be examined and yield 
further details of the transition rates. PL as such can be considered as a steady-state 
phenomena; the sample interacts with the excitation source and emits light 
continuously. 
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Fig. 3.1.1.2: The Electron Picture: A Simplified energy diagram of Photo luminescence. 
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The material’s absorption depends on the wavelength of the excitatjon source 
Equation shows the theoretical dependence the absorption coefficient (a) for a direct 
bandgap semiconductor. 

a = A(m-E^Y = A(i^-E^y 

In this equation, A and p are constants determined by the particular matei lal hw 
is the photon energy of the laser light, and Egap is the energy of the bandgap of the 
structure. The comparison of optical absorption and photoiuminescence is shown in 
Figure 3. 1.1.3 



Fig. 3, 1.1.3: Absorption and Photoiuminescence 
PL can be observed on samples with structures that are more complicated in 
composition than just a bulk semiconductor material. It can investigate how well the 
samples were grown, and verify the growth composition. This is because the energy 
differences measured by PL change with impurities and structures, as illustrated in 
figure 3. 1.1.4. 



Fig. 3. 1.1.4: Band Diagram 
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Some of the possible luminescence tiansitions, including those due to defects, 
are shown in Figure 3. 1.1. 5. 

Condudion Bnnd 



Fig. 3.1. 1.5: Radiative Transitions (a) simple electron-hole recombination (b) defect band 
involving donors, (c) defect-band involving acceptors, (d) donor-acceptor pair 

3.2.2 Electroluminescence 

In this technique a light emitting material is placed in-between two electrodes, 
wheie holes are injected from one side and electrons from other side under bias. In this 
conditions electrons and hole gets transported and recombines to give out photon. The 
transport phenomenon of a material is also important in addition of the requirement of 
being direct bandgap material to be electroluminescent. PPV shows 
electroluminescence peak at 510 nm (~2.4 eV) associated with radiative decay of 
singlet exciton Due to exciton binding energy and the lattice relaxation (Bredas et al, 

1996) , the luminescence energy of PPV is less than the HUMO-LUMO bandgap, which 
is 2.7 eV. 

Above some threshold voltage of 100 V, an uv-violet emission (Chayel et al , 

1997) centered at 390 nm is observed in addition to the characteristic yellow-green 
luminescence of PPV. This emission can be explained as being Induced by a generation 
of hot carriers in the strong electric field, which inhibits the formation of singlet 
excitons and enhances the probability for direct interband transitions of the relaxed 
carriers. 


28 



4 . 


Degradation Studies 


Degradation is the major problem for OLEDs and stands as a hindrance between 
the commercialisation of devices The degradation in the efficiency and the brightness 
with time is the most prominent in the OLEDs, but the quest foi better mateiials is still 
on. The degradation in encapsulated and that under vacuum devices is reported to be 
slower compaied to that under ambient conditions The degradation is also slowei in 
meit atmospheie The degradation of luminescence of devices is leported to be due to 
delamination of cathode from the polymer material followed by blister and dark spot 
foimation The dark spots then initiates the bubble formation (Yakiinov et al , 1997; 
Wang et al , 2002) by the electrochemical reaction of the polymer materials in the 
presence of moistuie and oxygen It has also been reported that degradation is initiated 
only on electrical stiess or photo excitation even in inert atmospheres. Theie is also 
development of daik spots (Bui rows et al , 1994; McElvain et al , 1996; Ke et al, 
2002) on application of electrical stiess fot laigei duration. The non-emissive spots had 
been altiibuted initially to local heating caused by short circuits, which lead to the 
foimation of pinholes and local ablation (Buiiows et al , 1994) or local fusion of the 
metallic cathode (Scott etal , 1 996) 

Typical degradation piocesses of organic EL devices have been classified into two 
categories; degradation during storage before the device operation and degradation 
during the operation Causes of the former case include the following: 

1 . the deterioration of organic molecular layers themselves due to ciystallization 
(Han etal., 1994) and 

2. the detachment of the organic layers from ITO electrode 
Causes of the degradation during operation include' 

1. the diffusion of emitting layer EML material into HTL induced by the Joule 
heating (Fujihlra et al., 1 996) 

2. the oxidation of Al top electrode with oxygen evolved by watei electrolysis (Do 
etal , 1994), and 

3. the detachment (delamination) of the contact between metal electrode and EML 
caused by gas evolution causing bubble formation 
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4.1 Bubble formation 

The degradation of OLED under electrical bias is accompanied by formation of 
bubbles. The formations of these bubbles are slower in inert environment indicating 
that the ambient condition affects the device. The bubble formation is shown in Figure 
4 1 . 1 . 



Fig 4.1.1: Bubble fonnation in device 


The bubbles have following characteristics; 

> Bubbles filled mostly with oxygen 

> Oxygen is evolved from electrochemical & photochemical process in presence 
of moisture (Do etal, 1994 & 1996) and electrical stress 

> Bubbles originate around pinholes in metallic electrode in the presence of 
atmospheric humidity (McElvain et ai, 1996; Papadimitrakopoulos etal , 1 996) 

> Oxygen results in photo degradation 

> Oxygen bubbles also form in ITO side due to local heating at bubble perimeter 

> Encapsulation (Burrows e( al, 1994; Cumpston et ai, 1997) & inert 
environment slows down bubble formation 

> Thermal treatment also leads to bubble formation 

> Humidity accelerates bubble growth, but its only electrical stress which initiates 
bubble formation 

> Formation and the growth of bubbles depends on duration and magnitude of 
current 

Under these conditions the device lifetime is limited by photodegradation and 
anode degradation (Berntsen et al,). The photodegradation is believed to be mainly due 
to photo-oxidation (Kuzina et ai, 1993; Cacialli et ai, 1994; Do et ai, 1996; Sutherland 
et ai, 1996) by either residual oxygen in the polymer itself (Cumpston et ai, 1995) or 
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Fig 4.1.3: Bubble and dark spot formation in device 
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The center of the circle of dark spots shows a carbon-oxygen concentration 
ratio of only 80%, while m a dark point it reaches 115%. In between these points, the 
ratio increases to 135% The presence of a small peak of sodium was also noticed in the 
dark points and in the center of the circle but indium or tin was not found Therefore, 
oxygen is clearly identified as the main element present in the degraded zones and was 
found even on working in vacuum. Surface analysis of PPV films confiimed that 
contamination by oxygen occurred mainly on the surface of the polymer (Nguyen et al, 
1997). It is possible that the oxygen observed in the dark point zones could result from 
diffusion not through the polymer but from its surface towards particular regions, 
raising the concentiation of oxygen there. These regions, where the dark points appear, 
may contain defects, which may then favor a local heating creating a temperature 
gradient, which in turn facilitates the diffusion. Evidence that supports the lateral 
diffusion hypothesis is the presence of sodium in the dark point zones. This sodium is 
remnant from the precursor Finally, the circular shape of the degraded zones indicates 
also diffusion like piocess towaid its centre. 

4.1.1 Mechanism of Bubble formation 

The mechanism of bubble formation involves following regime: 

^ The pinholes provide a pathway for water and/or oxygen to enter the diodes 
Water & oxygen leacts with the organic emitter(s) and active metallic cathode 
On application of electrical stiess, the process is accelerated 
Bubble formation near dust particles and pinholes 
Bubbles nucleate randomly resulting in irregularly shaped features 
Bubbles don’t shrink on turning the bias off 

4.1. 1.1 Effect of pinholes 

Pinholes help in the formation of bubbles and assist in their growth The 
initiation of bubble formation takes place at pinholes (Wang et al, 2002) and there is 
linear dependence of bubble size with the size of pinholes. 
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4.2 Dark Spot Formation 

There is dark spot formation under higher electrical stress showing some carbonyl 
foimalion resulting in non-emilting zone formation. The reasons for the dark spot 
foimalion is given below: 

^ Electrical short foimation & metal diffusion into the polymer 

♦ Local heating by electrical shorts leading to formation of pinholes and damage 
of the polymer 

^ Cathodic oxidation and electrochemical reaction at metal/polymer interface 

♦ Oxygen from ITO inducing crystallization of polymer 

♦ Photo degradation of polymer and anodes 
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Fig 4.2.2: Dark spot formation mechanism 
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4.3 Photodegradation 

The photodegradation of PPV polymer occurs when the film is irradiated with 
laser light at a wavelength coi responding to the peak wavelength of 
electroluminescence (EL). Degradation in photoluminescent properties was significant 
in an air environment but not under vacuum. This indicates that the oxygen in air aids 
photodegradation. This degradation may be associated with long-term stability of the 
electioluminescence device. Oxygen effects on PPV dining the elimination leaction 
have been studied extensively (Shim et al , 1984), but there are few studies on the 
photodegradation reaction even though it has an impoitant effect upon the performance 
of EL devices. Diphenyl (Koch et al , 1999) substitution m PPV is reported to reduce 
its photo-oxidation. 

It has been reported that the PL intensity of a PPV film decrease (Zyung et al , 
1995) drastically down to 30% of the initial intensity in a short peiiod when the film 
was irradiated with 458 nm lasei light (near its wavelength of EL) in air enviionment, 
as shown in Figuie 4.3.1. However, the PL intensity, even when excited at 514.5 nm, 
wheie the EL peak is located as shown in the inset of Fig 4 3.1, decieases to about half 
of its initial intensity for fully converted PPV, which is lower, compaied to the decrease 
foi 458nm excitation. 



Fig 4.3.1: PL intensity with time for PPV film 

This fact indicates that the polymer light emitting diode may be degraded under 
an air environment by its own emission. On the contrary, PL intensities show negligible 
change for both excitation wavelengths in a vacuum environment. These results suggest 
that oxygen in air may be assisting the photodegradation of PPV polymer. It is well 
known that oxygen affects PPV during the elimination reaction leading to low quantum 
efficiency due to the formation of carbonyl groups which act as quenching sites (Parker 
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et al., 1994). The absorption spectra are shown in Figure 4.3.2, which vanes with 
different laser line irradiation. The decrease in absorbance shows that the material is 
getting more and more transparent with photo-oxidation 



Fig 4.3.2: Absoibance of PPV with diffeient laser lines 
The original greenish yellow coloi of the film changes to blown after 
irradiation. The color is not recovered even after the sample was annealed at the 
elevated tempeiatuie (200 “C) in vacuum. This indicates that the chemical structure of 
the PPV changed during ii radiation in atmospheric oxygen This can be confirmed by 
infrared spectroscopic measuiements The photodegradation mechanism can be written 
as follows 
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Fig. 4.3.3: Photo-oxidation Mechanism 


New peaks at 1695 enf' and at 1278 cm'* appear in the IR spectra of the 
irradiated films. They correspond to the carbonyl stretching vibrational band and C-0 
stretching vibrational band in a caiboxyl group, respectively. This result indicates that 
the oxygen-sensitive electroluminescent polymers can be degraded by their own 
emitted liglit in an oxygen enviionment. This piiotodegradation of conducting polymer 
may seiiously affect the performance of electroluminescent devices. Therefore, it is 
important to keep the device protected from the oxygen in air not only for protection of 
the easily oxidizable metal electrode but also for protection against photodegradation, 
resulting in enhancement of the lifetime of EL device. Carbonyl group quenching 
(Rothberg et al , 1996) of PL mechanism is shown in Figure 4.3.4. The mechanism 
shows that a defective carbonyl containing segment quenches the PL of neighboring 
segment and hence affecting more chains than actually oxidized chains. 
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Fig. 4.3.5: Ways of decay of exciton in PPV 

Manipulation of the chain length in the side gioup (Talaie et al , 2001) of the 
(PPV) based materials as well as the size of the ring located within the side group, 
enables to enhance PL properties of PPV related compounds. It has been found that the 
longer the chain length of side group and the smaller the ring size could result in much 
better PL. The effect of oxygen on the PL properties of these new materials was also 
examined and it was found that the PL intensity could be decreased more than five 
times than initial values over 10 min in the air compared with the same measurements 
in vacuum for the same period of time. 

Photo-oxidation of PPV is considered to be an important cause of degradation in 
the performance of OLED and the consensus is that oxygen is the initiator of chain 
scission. The photo-oxidation Is reported to decrease the refractive index and 
absorption coefficient along with increase in film thickness (Kumar et al, 2003). It is 
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important to understand the mechanism of photodegradation in order to improve the 
performance and reliability of the device. The degradation of an OLED was 
investigated by studying the decay of photolummescence intensity and the change in 
structure by x-ray diffraction (Chen et al, 2002) Electrical stress also plays an 
impoitant role in the photo-oxidation degradation process The photoluminescence 


degradation with electric field under ambient and nitrogen environment is shown in 
Figure 4.3.6 



Fig 4.3.6; PL decay under stress in ambient and nitrogen 


For the devices without previous electrical stress but exposed to a normal 
ambient for several days, the PL spectrum does not exhibit any significant change in 
shape and intensity. X-ray diffraction spectra for the devices aflei electrical stress, but 
without exposure to a normal ambient, shows no noticeable crystallization peak. The x- 
ray diffraction results from devices that were exposed to a normal ambient after the 
electrical stress, shows the crystallization peak at around 8°. The longer the stiess time, 
the stronger the crystallization peak as shown below in the Figure 4 3 7. 



Fig. 4.3.7: XRD of devices with stress time 
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Extensive and systematic investigations of the polymer photo-oxidation 
degradation process (Shim et al , 1984; Scurlock e( al , 1995; Sutherland et al , 1996; 
Cumpston et al , 1997) have drawn the conclusion that oxygen binds to the vinyl bond, 
leading to the chain scission and the formation of carbonyl groups. The effect only acts 
when both oxygen and light are present. 

In the liteiature, the PL degradation with laser for MEHPPV film as a function 
of exposure time in air and under flowing N 2 has been compared by burrato group at 
Santa Barbara at California. Figure 4 3.8 a shows a decrease in the emission intensity 
with increasing exposuie time in air, as expected Changes also occur m the shape of 
the emission spectium over time. 




Fig. 4.3.8: Photoluminescence spectra versus exposure time. 

These changes can be quantified by fitting each spectrum and plotting the fit 
parameters as a function of exposure time. Figure 4.3.8 b shows a representative 
spectium fit to three gaussians, the individual gaussians are shown as well as the fit to 
the data. 
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Fig 4.3.9: FWHM variation in nitrogen and ambient 

Figure 4.3 9 compares the FWHM of the second gaussian versus exposure time 
in ail and in flowing nitrogen. In air, the intensity decreases lapidly, with a 70% 

decrease in signal occurimg after only 18 s. Accompanying the loss in signal is an 

\ 

increase in the FWHM of the second gaussian indicating a change in the vibronic 
coupling. In contrast the spectra recorded under flowing Na show a smaller deciease in 
signal and a relatively constant FWHM of the second gaussian. 

This model is in agreement with a previously proposed model for photo-damage 
in PPV films (Papadiamitrakopoulos e( al, 1994; Zyung el <?/., 1995). In IR 
experiments of films irradiated under ambient conditions, C=0 stretches have been 
observed to grow into the IR spectra over time. The C=0 groups formed by the photo- 
oxidation act as efficient traps of excited electrons due to their relatively high election 
affinity. Once excited, electrons are tiapped and relax non-radiatively, resulting in a 
decreased emission yield as well as heating in the polymer. It’s also noted that if the 
film is allowed to set in air for greater than five hours, the photooxidation is the same in 
ail or under flowing Na, which indicates that O 2 is able to efficiently penetrate the 
MEH-PPV film. 

As the MEH-PPV film is oxidized forming the electron trapping C=0 groups, 
absorbed radiation is quenched nonrad iatively which in turn causes a heating of the 
polymer film. It is likely that this heating causes the topography features observed for 
long exposure times as leported by SkordouUs el al 1999. 
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Fig 4.3.10: Surface properties after laser irradiation 

PL intensity enhancement in PPV films induced by light iiradiation in the 
piescnce of ait has also been leported by Gobato ef al , 2002 This effect is dependent 
on lasci intensity and the latio between film thickness and excitation penetration depth 
The icsulls suggest that an efficient spectral diffusion of excited carriers to 
nondegiaded PPV segments by Foistei energy transfer is an impoitant consideiation in 
the PL efficiency of conjugated polynieis light-irradiated in an The dependance of 
transmittance of MEH-PPV film with laser intensity is repoited by Skordouhs et al 
1999 



Fig 4.3.11: Transmission change with laser irradiation for different intensities 
Howevei, laser induced degiadation of PPV & CN-PPV is not well studied as 
MEHPPV, which necessitates development for a proceduie to study the parameters 
involved. 
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5 . 


Materials and Methods 


5.1 Materials 

The materials used were obtained from Samtel Centre for Display Technologies 
at Indian Institute of Technology, Kanpur. The materials were synthesiszed in-house. 
The PPV (Poly Paia Phenylene Vinylene) was synthesized by xanthate (Son et al , 
1995) precursor route and CN-PPV (Poly{[2,5-bis(hexyloxy)-l,4-bis(l-cyanovmyIene) 
phenylene]}) was synthesiszed by a Knoevengel-type condensation between hexyloxy 
substituted aromatic diacetonitrile and a corresponding diaidehyde (Chen et al ^ 1998) 
The chemical details are desciibed in detail elsewhere (Kumai et al , 2003) All the 
glasswares used in the present study were of ‘coming’ quality manufactuied by Borosil 
Glass Woiks Ltd De-ionised water and analytical grade chemicals were used for the 
device preparation. 

5.2 Sample Preparation 
5.2.1 Sample Cleaning 

Fust the ITO sputtered glass sheets arc checked for the direction of ITO with 
the help of multimetei The sheets are then cut with diamond cutter according to the 
desired size The samples are first marked a line with steel scale with the help of the 
cutter on the glass side and the sample is then broken along the cleavage plane 
developed. Then the samples arc named with the diamond cuttey on the glass side to 
identify the ITO side during the processing. The samples are then cleaned with tissue 
paper with acetone to remove dusts present at the surface of the sample Then the 
samples are linsed with de-ionized water and ultrasonic cleaning is done and then they 
are dried. If the samples are not dried properly, then watermarks will be formed, as 
TCE is nonpolar so the places with water will not be wetted by TCB and hence would 
not be cleaned ptopeily. They are then heated in TCE, acetone and methanol solutions 
one aftei other for aiound 15 min each in Teflon basket for holding the samples. The 
samples should be placed in the solutions and the time should be counted from that 
instant, otherwise the solution may become too hot and may damage ITO. The 
temperature should not be allowed to exceed 60°C. Then the samples are again rinsed 
in de-ionized water followed by ultrasonic cleaning in de-ionized water for 10 minutes. 
Then RCA cleaning is done with a solution of water:ammonium hydroxiderhydrogen 
peroxide in the ratio of 5,1:1. The samples are again rinsed with de-ionized water The 
samples are then di ied and put into oven for diying at around 1 1 0°C for 1 hr. 
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5.2.2 ITO Patterning 

The samples are taken out and cooled to room temperature. The sample is 
placed on the spin coating unit and the vacuum pump is turned on to hold the sample. 
Photo resist is then dropped above the ITO surface with the help of a syringe The 
sample is then rotated to spin coat the photo resist at desired speed. The photo resist is 
then put into oven for prebaking at around 80®C in nitrogen environment for around 15 
min. The samples are then taken out from oven and allowed to cool. The dried photo 
resist is then irradiated with ultiaviolet light with a desired mask for the pattern so that 
the photo resist hardens at the place of UV irradiation Then the samples are washed in 
four developer solutions for 1 min each. Then the samples are again placed in oven for 
post baking at around 130®C to properly diy out and harden the photo resist for around 
20 min. 

The samples aie then cooled and the solution for etching the ITO at undesired 
places is prepaied. The solution compiises of 20:4:1 of Water.HCI-HN03 respectively 
followed by few diops of detergent. The solution is heated to aiound 55°C and the 
samples are placed on the Teflon basket in the solution for around 7 min. The 
tempeiatuie is maintained at 55°C. The samples are taken out then checked for remnant 
ITO at the undesired places using multimeter after drying. If still some remnant ITO is 
found then the samples are again placed in the solution otherwise they aie rinsed in de- 
ionized water. Then the samples are washed in photoresist stripping solution to wash 
out the hardened photo resist. The solution is first heated to 90®C and then the samples 
are dipped first in used solution for 1 min followed by unused solution again for 1 min. 
When the photo resist layer seemed to have washed out then the samples are cleaned in 
hot water to lemove the remaining washing solution on the sample. The samples are 
again cleaned with RCA solution. The samples are then ultrasonically cleaned in de- 
ionized water for 5 min. The samples are then dried, 

5.2.3 Polymer Solution Preparation 
5.2.3. 1 PPV Solution Preparation 

PPV (Poly Para Phenylene Vinylene) precursor films are taken and weighed 
according to the concentration of solution desit ed. The generally prepaied samples are 
18mg/cc, 12mg/cc and 6mg/cc solutions. The precursor film is used instead of PPV 
itself, as it is not as such soluble so spin coating is impossible otherwise. The vapor 
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deposition of PPV is not possible as PPV degrades under high temperature if vapor 
deposited The PPV precursor is prepared by Wessling Preccursor route (Wessimg et 
al., 1962) in which PPV is mostly trans and hence is highly crystalline. But the hydroxy 
group IS oxidized to carbonyls (Papadiamitrakopoulos et al, 1994), which limits the 
electroluminescence when the precursor is converted. So Xanthate route for preparation 
where mixture of cis and trans is formed is preferred First the desired amount of the 
PPV piecursoi is weighed and then it is transferred to bottle foi solution preparation. 
Then the desired amount of cyclohexanone is added to the bottle Then for stirring, a 
plastic coated magnet is cleaned and is put inside the bottle. Then the bottle is sealed 
with a tube containing silica gel and placed on magnetic stirrer to properly mix the 
solution and absorb any remnant moisture. The solution is stirred for around 2 hours 
and then they are transferred to two centrifuging tubes with almost equal amount of 
solution in each to piovide balance. Then they are put into the centrifuge and it is 
tinned on for aioiind 30 min If there is gel formation, then the solution above is 
caiefully decanted to stoiage bottle The bottle is flushed with nitrogen and then sealed 
with cap and paraffin tape 

5.2.3.2 CNPPV Solution Preparation 

CNPPV is directly soluble in chloroform and also in toluene So there is no 
requirement of any precursor for CNPPV, For the purpose of spin coating, chloroform 
is can be used as it is volatile which is necessary for drying of the film quickly. But as 
it dries too quickly, so a 1 : 1 mixture of chloroform and toluene is used. First the desired 
amount of CNPPV is weighed and put into the bottle that is continuously flushed with a 
stream of nitiogen Then desired amount of clorofoim and toluene are poured into the 
bottle and then the bottle if sealed with the stopper and paraffin tape. Sealing is very 
important here not only for the purpose of proper storage of polymer, but also the 
concentration will otherwise keep on increasing with time with vaporization of 
chloiofoiin. 

5.2.4 Spin Coating 

The dried samples are placed into oven for prebaking before the spin coating at 
1 10°C to dry out any remnant moisture. Then the samples are taken out and allowed to 
cool to room temperature. Then they are placed on ozonizing machine, which irradiates 
the sample with UV light under continuous flow of oxygen so that oxygen is converted 
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to ozone. This ozone oxidizes the surface and improves the surface properties including 
work function and adhesion. This is similar to oxygen plasma treatment. Then the 
samples are placed into the spin coating unit one by one and continuous nitrogen- 
hydrogen gas supply is turned on. Then vacuum in the spin coating unit is turned on so 
that It holds the sample at its place. Then the polymer layer is dropped on the sample 
uniformly and then the unit is turned on. The rpm of the unit is set according to the 
requiiement of thickness that depends on ipm and concentration of the polymer 
solution. There is also dependence on tempeiature, but that becomes ledundant, as the 
room tempeiature is kept constant. Then the samples are placed in oven at room 
temperature and then the temperature is increased gradually. The samples are kept 
under nitrogen+hydrogen ambient at 170°C for PPV and 120®C in nitrogen ambient for 
CNPPV for baking. The baking times being 6 houis and 1 hour respectively. To 
improve the film properties, vacuum drying of the solvent is also tiled for PPV 
Cyclohexanone is more viscous and is difficult to vaporize So vacuum drying at 120°C 
for Ihr befoie baking conversion improves the film property 

5.2.5 Metallization 

Aftei baking the samples are placed properly inside vacuum coating unit above 
desired masks so that the side to be coated faces downward. The metal pieces are 
cleaned with acetone and then placed in the heating coil. Then the bell jar is closed 
after applying a thin layer of silicone grease below the rubber pad to check leakage and 
to obtain better vacuum. The bell jar is pressed against the bottom plate properly as 
shown in Figure 5.2.5. 1. 



Fig 5.2.5.1: Vacuum chamber for metahzation 
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Then the air and gas admittance valve is closed Now tlie rotary pump is turned 
on. Then the valve is placed in the backing mode to take out air within the region of 
diffusion pump chamber. Then after the meter shows a pressure around lO'^atm is 
obtained, then the valve is rotated to roughing so that the air is now evacuated from 
inside the coating chamber. After waiting for the pressure inside the chamber to reach 
around lO'^atm, the valve is then rotated back to backing Then the diffusion pump is 
turned on along with the cooling supply to the diffusion pump Then after waiting for 
around 25 min, the valve conti oiling the linkage between the coating chamber and the 
diffusion pump is opened. Then pressure inside the chamber starts to decrease again 
and when it reaches aiound lO'^atm, the coil containing the metal in heated by passing 
current so that the metal just melts and remains in the coil. The shutter remains closed 
during the piocess to avoid impurities present in the metal to contaminate the samples. 
Then the shutter is opened and the coil is heated red-hot. Then after some time the 
metal gets deposited on the samples then the power supply to the coil is switched off 
and the system is allowed to cool with both diffusion and rotary pump on. Then the 
valve connecting the chamber and diffusion pump is closed. Then after 5 min, the 
diffusion pump is switched off Then after 15 mm the coolant supply is switched off 
The valve is closed and the rotary pump is turned off. The samples are allowed to coo! 
for an hour and then the samples are taken out from the chamber by allowing air inside 
the chamber using aii -admittance valve. The samples are then transferred to vacuum 
desiccators. 

5.3 Experimental Set-up 
5.3.1 1-V Set-up 



Fig 5.3.1.1 1-V Set-up 
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The 1-V set-up comprises of table with probes to make contact with the sample having 
and A1 strips. Changing the polarity of the probes accordingly can perform the 
foi ward and reveise I-V. The probes press the sample as they are fitted with magnets at 
the bottom, which attracts the piobes and hence creating the pressure. So the pressure is 
also not so much high as crocodile clips, which scratch and punch especially the A1 
strip The piobes are connected to Keithley 236 source, which can apply a voltage and 
measuie the coi responding current. The sweep rate and the voltage range can be 
piogiammed with a GPIB computer interface Current time measurements can also be 
done on this set-up to measure the stability of the device. Here constant voltage is 
applied and the cot responding current is monitored 

5.3,2 Impedance Spectroscopy Set-up 

Impedance spectroscopy is a method to separate the contact and bulk impedance 
and hence can be used to effectively calculate the degiadation in the OLED. The 
degradation can be sepaiated accoiding to what is actually degrading, the polymer or 
the contact itself 
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Fig.^.3.2.1: Impedance Set-up 

This is a unity gain adder circuit with all the resistances R. There is optimum 
value for R as increasing R will reduce the loss but increase the time delay due to 
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increase in RC value of the circuit So optimum value is taken to be IMQ. The Op- 
Amp is taken to be UA741CN operated to Vcc of 13 V. Now the AC signal is applied 
from SRS 830 DSP Lock-In Amplifier. The DC signal is applied from the auxiliary 0/P 
of tlie lock-in The lock-in is connected to computer with GPIB interface The program 
IS made by Matlab software The commands were given by lunning the program The 
AC and DC signal are fed at the same time foi measuring the impedance of the device 
at various biases 


5.3.3 Photoluminescence Set-up 



Fig 5.3.3.1: PL Set-up 


The samples are placed in sample holder for air photoluminescence experiment. The 
sample holder comprises of two fixed ends with grooves to hold the sample. There Is a 
movable end on one side, which moves on the base plate and can be secured by 
tightening screws to the base plate. So samples of different sizes can be fixed. He-Cd 
laser at 442 and 325 nm excited the samples. All the degradation experiments were 
done at 442 nm, which was near to the absorption spectrum peak for PPV. The optical 
fibre was fixed in front of the sample and was connected to the SD2000 Ocean Optics 
CCD spectiometer, which in tuin was interfaced with computer with the help of ADC 
card and OoiBase32 software. The spectrometer has two channels, master and slave 
with range 180 to 820 nm and 480 to 1180 nm respectively The channels were chosen 
accoiding to the PL peak position. For instance in PPV with peaks at 510 and 542 nm, 
master was chosen and for CNPPV with peak at 639 nm, slave was used. For Vacuum 
measurements, sample is mounted inside a cryostat and the light is detected though a 
quartz window within the cryostat. 
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5.3.4 Reflectance Set-up 



Fig 5.3.4.1: Reflectance Set-up 

Reflectance was also measured with the help of SD2000 CCD Spectrometer. 
The light source used was tungsten halogen lamp white light and was excited with 
reflection probe with one central fibre and six excitation fibres sun ounding the central 
one. First dark reference was recorded then bright reference was recorded with a 
cleaned glass plate. The polymer coated glass plate was taken and the intensity of the 
sample is recoided. Then reflectance is calculated by taking ratio of sample and 
reference after deducting the dark refeience. 

5.3.5 Transmittance Set-up 



Cuvette Holder Light Source 

Fig 5.3.5.1: Transmittance Set-up 

Transmission mode is similar to the reflectance, the only difference being that the 
intensity is measured in transmission mode rather than in reflection. Heie two different 
fibres are used. The excitation fibre is of lower diameter compared to the collection 
one. The sample is placed in the cuvette holder. First the dark intensity is stored. Then 
the bright reference of only glass followed by the sample intensity is performed. 
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6 


Results and Discussions 


In the present study, attempts were made to characterize different materials for 
application in organic light emitting diodes. The puipose involves the study of the 
degradation mechanism and the causes for the degradation in OLED. The degradation 
occurs both in the materials and in the contacts duiing operation So there is a need of 
finding appropriate steps to check the degradation to make OLED commercially viable. 
Degradation was studied using acceleiated laser degradation. The main motivation behind 
being the effect of own light of the device on degradation which can in turn restrict the 
lifetime of the device. 

6.1 Effect of back metallization on Photoluminescence 

6.1.1 Reflectance Measurements 

Reflectance measuiements for thin films aie used as a guide for optical model of 
the sample prior to photoluminescence characterization. Reflectance of PPV was measured 
foi a typical thick film to derive the film thickness in a double-coated PPV layer above 
glass as shown in Figure 6. 1 . 1 . 1 . 



Fig 6.1. 1.1: Reflectance of three layers coated thick PPV film 
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The thickness can be calculated from the formula as below: 

t= :^,/2 ti[1~(V^3)] 

Two peak maxima are seen at 600 82 and 769 48 nm coi responding to Xi and X 2 

Refiactive index for PPV vanes from 2.3 to 2.7 and the thickness corresponding to 
them arc. 

For r|=23 t = 06|.im 

Foiri = 2 7 t = 0.51 pm 

Hence an approximate thickness can be determined. Moie accurate thickness 
can be deduced if the lefractive index is experimentally determined Most thicknesses 
used in this woik aie much smaller and are in the lange of 1000-1200A 

6.1.1 Effect of back metallization on Pliotolumiiiescence 

Fig 6.1 2 1 shows PL spectia of thin films deposited on glass and on a thin film 

of gold covcimg the glass The PPV film on glass is shown in the Figure 6 12 1 



Figure 6.1.2.1: Photoluminescence spectrum of PPV film on glass 

Photoluminescence peaks were obseived at 508 and 543 nm lespectively with 
two more peaks. The fust peak at 508 nm is considered to be the bandgap peak 
corresponding to PPV. Four peaks were observed in the prepared PPV compared to the 
reported three peaks in the liteiature. PL is the standard chaiacterization technique for 
mateiial 
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characterization and to compare the optical properties of materials PL peak positions and 
the spectrum remains unchanged in a materials at a specified temperature and varies 
linearly with varying laser intensity hence the nature of spectrum almost independent of 
intensity making it a powerful tool for characterization 

Photoluminescence experiments were done on PPV and the spectra were studied 
both above gold and above glass. The PL obtained above gold is much more intense than 
above glass due to reflection of PL fiom back and also the incident laser beam getting 
reflected and resulting more luminescence. So theoretically four times increase in the PL 
intensity is expected. The compaiative plot of PL with and without back metal ization is 
shown in Figuie 6. 1 .2 2 



6.1.3 Effect of laser intensity on photoluminescence 

It is important to establish the relation between luminescence yield and the 
intensity of the excitation in the lange of intensities used in this work. Figure 6.1 3 1 shows 
PL spectra for intensity changing over more than 500 times. The intensity of the laser is 
varied by putting neutral density of filters in the path of the laser beam. The 
photoluminescence varies almost linearly witli the laser intensity. 


mtfi a ffo A 
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Fig 6. 1.3,1: PL intensity of PPV film with diffeient excitation lasei intensities 
The photoluniinescence intensity is plotted as a function of ti ansmittance of filters 


in double logaiithmic plot in Figure 6 1 3.2 
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Fig 6.1, 3.2: PL peak intensity of PPV film with varying transmittance of ND filters 
The equation may be defined as Ii>l= A1^ excitation 
So log(IpL) ~ log(A) Nlog(Ie\i.ii.nioii)> here N ^ 1 
Hence it can be inferred that Ipi , CC L>^citation 
Ti ansmittance = L'\uiatmn/ 1 

Linear dependence of PL intensity with excitation intensity ensures that arguments 
involving change in PL intensity with excitation is not a pioblem in this case 

6.2 Photoluminescence degradation under laser irradiation 
6.2.1 Design of Experiment 

In this work, as mentioned in chapter 5, we os’e 442nm line of a 50 mW He-Cd 
laser with beam diameter of 1 5mm A typical scan of PL spectra with CCD detectoi takes 


1 0 0 0 -d 


1 0 0 
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a Iraction ot second However if the laser is allowed to fall on the sample, then the laser 
excitation itself can degiade the material and this degiadation can be monitored by 
obseiving the PL speclia intensity changes periodically duiing the laser irradiation We use 
this degiadation^^means of monitoring the effect of process parameters on the quality of the 
mateiial as legards then susceptibility of degradation 

6,2.2 Degradation of PPV in air 

Theie is considerable photoluminescence degradation under laser nradiation at 442 
nm with powei 50 niW anti laser diameter of 1 5 mm It has been reported (Zyung et cii , 
1995) that laser irradiation neai the absorption peak of organic semiconducting polymeis 
causes more degradation The absorption spectrum of PPV has a peak at 400 nm and 
CNPPV at a highei wavelength So the degradation^forPPV is higher compared to that foi 
CNPPV The degiadation of PPV is shown in Figure 6 2 2 1 
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Fig 6.2.2. 1: PL intensity variation of PPV film with laser irradiation time 
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PL spectia observed after various specified duration of laser irradiation is 
shown in the Figure 6 2 2,1. Note that the intensity decreases gradually for all 
components of the spectra with increasing duration of exposure 

The intensity peaks are observed at 510.5 and 543.6nm respectively For a 
better appieciation of time dependence of PL intensity with exposure time, the intensity 
of the 543.6 peak is monitored as a function of time, m-situ as shown m Figure 6 2 2 2 
wheie the behavioi showed second order exponential decay characteristics 



Fig 6.2.2,2: In-situ PL intensity variation of peak 2 with time 

The decay shows two time constants of 129 and 903 sec respectively indicating 
occurrence of two distinct processes contributing to photodegradation. The picture 
becomes cleaier by plotting log (y-yo) vs. time as shown in Figure 6 2.2 3, which shows 
two different slopes and hence we can suspect that actually there aie two processes 
occurring in the degiadation processes giving rise to these different slopes. We subtract 
the contiibution due to second slope and then determine the corrected shape of the 
faster process. In Figure 6.2.2.3 the smaller graph shows the linear fitting after this 
coirection. 
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Normalized PL Intensity 



Laser Irradiation Time (s) 


Fig6.2.2.3 : Semi Logarithmic plot of PL intensity variation of peak 2 with time 
All spectia are noimalized and plotted in Figure 6 224 Blue shifting by about 4 
nm IS obseived by lasei irradiation especially m the 543 6^peak as seen in the Figuie 
6 2 2 4 Also the line shape vanes widely indicating change iw components of spectra 



Wavelength (nm) 

Fig 6.2.2.4: Normalized PL intensity spectmm of PPV for the peak2 
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Ill hguie 6 2 2 4, theie is pioniinent blu6 shifting along with the widening of the 
spectia with lasei iiiadiation time In oidei to obtain iurther insight into changes in PL 
spectia, each of the spectra was fuither fitted to sum of Gaussians by automatic fitting 
piocedure using Peakfit software It was necessary to subtract out artifactual background 
vaiiation prior to fitting A typical fit of a spectium and components are shown in Figure 
6 2 2 5 Tlie quality of the fit was very good with legiession parameter greater than 99% 
foi all curves Although the fitting quality worsened slightly for the larger iiiadiation time 
spectia We then use the results of these fitting to obtain changes in peak position, FWHM, 
aiea undei the cuive and intensity of the components of spectra In Figure 6 2 2 5, the red 
line shows the fitting of the spectia by four gaussians The black line is the main spectra 
The fitted peaks aie shown by gieen, blue etc 



Fig 6.2.2.5: Peak fitting of the PPV spectrum by four gaussians 
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PL Peak intensity PLPeaKKOsmon l r ea k r PL Peak Position 


The PL spectium at different time intervals on fitting with four gaussians gives the 
lesult as given in the appendix The peaks of the gaussians are plotted with lime below. 


First order exponential decay 
yO 505 7 ±0 08 

A1 2 4 ±0 15 

t1 5 2X10^±76 9 









The combined plot of all the peaks is shown below m Figuie 6 2 2 7 Slight blue 
shift IS obseivcd in the fiist peak with more significant blue shift in the second peak Peak 
3 has a minute red shift while Peak 4 has a significant red shift by about 44 nm 



The intensity decay plot of each peak separately obtained from the analysis is 
sliown in Figuie 6 2 2 8 The peaks decay almost with same rate, with the Peak 1 decaying 
fastest late 



Fig 6.2.2.8: Semi logarithmic Peak PL intensity variation with laser irradiation time 
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The combined plots of FVVHM of all the peaks are shown m the Figure 6 2 2 10 



Tim e (s) 

Fig 6.2.2.10: Variation of FWHM of peaks with laser ii radiation time 
As shown in Figure 6 2 2 10, the FWHM of all peaks except Peak 2 (corresponding to 
543 nm) decreases FWHM of Peak 2 at 543 nm increases from 35 to 51 FWHM of 
Peakl and Peak3 lemain almost constant Clearly peak 2 is sensitive to disorder being 
pioduced in the environment of chiomophores The change of area under the curve for 
all the peaks with time is shown in Figure 6 2 2 11, which gives better indication of 
degiadation compared to the intensity plots for the peaks with large change in FWHM 



Time (s) 


Fig 6.2.2.11: Vaiiation of area under the peaks with laser irradiation time 
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6.2,3 Dcgradiitiori of PPV with Isscr irradintion under vacuum & air 

Cleaily it would be instructive to compare laser induced degradation lale 
obsei ved in an with that in vacuum The sample is piepaied by vacuum drying to fully 
dry out the solvent before conveision of piecuisor to PPV The vacuum used for these 
expenments is of the oidei of 0 001 ton as obtained using rotary pump for small 
volume ciy/ostat sample chambei The intensity of dominant bandgap related peak is 
monitoied with exposuie time of the laser under vacuum Surprisingly instead of 
degiadation of PL intensity, it actually increases with time roughly displaying a 
logarithmic inciease as shown in curve 1 (Vac505) in Figure 6 2 3 1 



Fig 6.2,3. 1: Variation of PL intensity for vacuum dried PPV with laser irradiation time 
Then an is then subsequently admitted into the chamber with all othei 
experimental conditions along with laser and sample alignment remaining the same 
Tlie intensity of both the dominant peaks, peak 1 at 505nm and peak 2 at 542nm are 
simultaneously nioiiitoied with increase in exposure time ofthe excitation laser in an 
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ambient. PL intensity dcgiadation simiiai to those reported in the last section is observed 
as shown in cuive 2 & 3 of the Figure. This cleaily indicates necessity of the presence of 
oxygen and nioistuie loi the observed photoxidation At the end of the two scans in air 
ambient, the sample chanibci is again pumped out creating vacuum while still monitoring 
PL intensity of the two peaks. 

Again one obscives PL enhancement in vacuum as shown in cuives 4 & 5 During 
the fiist few seconds of pumping, we obseive a clear correlation between increase of PL 
intensity with inciease m vacuum Note that it takes only few seconds to achieve the steady 
state vacuum Also note that the recoveiy in PL intensity is only partial. This indicates that 
PL enhancement in vacuum is a separate piocess from cumulative degradation caused in 
air ambient. 

The PL intensity decicasc for the two peaks in air ambient exposure is analysed and 
the fittings to second oidei cxpciimcntal decay are shown in Figuie 6 2 3 2 
Peak 505 Peak 542 




Fig 6.2.3.2: Second order exponential fit of PPV decay plot for two peaks 
For the sequence of experiments described above, both normal and normalized PL spectra 
at different times are shown in Figure 6.2.3. 3. The normalized PL plots clearly show that 
spectial featuies. The plots of PL for sample under vacuum and then in air followed by tire 
plots under vacuum again is shown in Figure 6.2.3. 3. 
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Fig 6.2.3.3: PL variation foi vacuum diied PPV sample with laser irradiation time 


These results sliow that lasei iriadiation under vacuum cieates a degradation 
1 esistance in the sample It decreases the i ate and also hinders the shifting of PL peak 
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posrdoii slioivrng lltnl (ho conjugation length is unchanged Peak position, FWT-IM and 
hence hneshapc me not allectcd due to this degiadation The sharp feature at around 
580nm is unwanted cxpciinrental aitefact oiignrahty from some background light 
oiigiiialing fioni excitation souice during those expeiiments and need to be ignoied 

6.2.4 Degnidalion of CNPPV spin coated and baked in air 

In this section, we desciibe the lesults of siinilar experiments on CN-PPV There is 
one impoitant dilTeicnce howevei, CN-PPV being soluble in common organic solvents, the 
polymeiisalion conveision step is not lequiied aftei coating Baking is diying only and 
involves driving out ol solvent Hence baking tiine-tempeiature combination is used as 
anothci piocess paiainelei in addition to baking ambient and measurement ambient 
Baking is caiiicd out foi dilTeient times eilhei in high puiity nitiogen oi in aii The studies 
on an ambient piocessmg woo canicd out to validate laset induced degradation as a test 
pioccdiiie foi evaluating quality of inateiial Most CN-PPV films are obtained from 
6nig/cc CNPPV sample spin-coated at 1000 rpm 

6.2.4.1 Effect of air baking on PL spectra 

With baking of CNPPV, the peak led shifts by about 6 nm and the peak gets 
naitower than the unbaked sample The Figiiie 6 24 11 below shows the normalized PL 
spectiiini The PL scorns to stabilize just after 15 min of baking and showing no fiirthei 
change in the spcclium 



Fig 6.2.4.L1 : Noi malized PL Intensity of CNPPV with different baking time 
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6.2A.2 Dcgi adability due to Processing in Air Ambient 

Figuie 6242 1 shows the change in PL intensity with time of exposure to 
excitation lasei Baking significantlv impioves the degiadationj^oT'cNPPV under laser 
Howevci tlic I ale ol’ degiadation seems liighei but exposuie times lower than 30 mm 
indicating an optmiuni lime foi baking The time dependence of PL intensity for diffeient 
baking times is filled to liisi oidei exponential decay as shown in Figure 6242 2 The 
time constants obtained lioin this analysis is plotted as a tlinction of baking time The 
initial incieasc in lime constant of decay suggests that during first 30 minutes of baking, 
trapped solvents aie being diiven out leading to inci eased laser induced degradation 
I esistance 
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PI Intensity Normalized PL Intensity Normalized PL Intensity 


The exponential decay fitting of the baked samples are shown below 


a) Unbaked normal plot a’) Unbaked Logarithmic plot 



Time (s) Time (s) 


b) Baked 15 mm c) Baked 30 min 



Time(s) Time (si 

d) Baked 45 min e) Baked 60 min 



Time (s) 


Time (s) 


Fig 6.2.4.2.2: Exponential fit of the decay of the different time baked CNPPV samples 
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The diiving out of solvents and degiadation due to oxygen in the ambient aie 
competing piocess giving use to an optimum baking time in air Foi long duration baking 
tianspoit of oxygen into the film and the subsequent oxidation seem to be dominant The 
time constant foi the degiadation can be summarized in Figure 6 2 4 2 3 



Baking time (mm) 

Fig 6.2.4.2.3 ; Variation of degradation time constant with baking time for CNPPV film 
The FWHM of the normalized spectrum increases with the increase of laser 
irradiation time Also an etfective blue shift is observed The normal and normalized PL 
spectra foi different exposure time processed in air ambient is shown in Figure 6 2 4 2 4 
Unbaked Normal PL Unbaked Normalized PL 
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Baked 60 mm Normal PL 


Baked 60 win Normalized PL 




Fig 6.2.4.2.4: PL variation of air baked and spin-coated CNPPV sample under laser 

Both blue shift and significant inciease of width of the unbaked CNPPV spectra is 
observed on laser light irradiation indicating occurrence of photoxidation leading to 
disordei in chemical environment of chiomophores 

6.2.4.3 Effect of laser on unbaked films spin-coated in air 

As shown in Figure 6 2 4 3 1, PL spectrum of the unbaked sample red shifts after 
lasei irradiation for few seconds The intensity of constituting peaks also undergo changes 
This shows occurrence of baking of the unbaked sample during laser irradiation The plot 


IS shown in Figure 6 4 2 3 1 



Fig 6.2.4.3.1; Effect of lasei on PL spectrum of unbaked air spm-coated CNPPV sample 
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The observation of effective led shift may be due to the fact that the first peak 
(lowei wavelength peak) is decaying at a faster rate compared to the second one with laser 
exposuie time The origin of the lowei wavelength peak has not been ascertained but can 
be tiaced to trapped solvents 

6.2.4.4 Effect of air baking on transmittance of CNPPV 

Figure 6 2 4 4 1 shows transmittance spectra for unbaked and baked samples With 
baking a led shift in the transmittance spectrum is obseived, but the baked samples have 
almost same cliaracteiistics Tiansmittance minima shifts from 480nm to about SOOnm 
fiom unbaked to baked sample This indicates changes in optical properties of the film as 
baking progresses The changes may include film properties and thickness However 
monitoring changes thiough PL seems a bettei option than transmittance 



Wavelength (nm) 

Fig 6.2.4.4.1 : Variation of transmittance of air baked CNPPV with baking 

6.2.5 Degradation of CNPPV spin coated and baked under nitrogen 

In the last section, baking in ait and its monitoring through laser induced 
degradation of PL intensity established its efficiency as a tool for studying piocess 
vaiiation In this section we use ambient and baking conditions typically employed in 
device fabiication in our laboiatory at piesent 
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6.2.5. 1 Effect of nitrogen baking on photoluminesceiice 

Figure 6 2 5 11 shows the normalized PL spectuiin of a thin film prepared fiom a 
solution of CNPPV spin-coated at 1000 ipm undei nitrogen environment The PL spectra 
stabilize aftei 15 mm of baking and shows no furthei changes in the spectrum With baking 
of CNPPV m nitrogen ambient, the peak red shifts by about 15 iim and the peak gets 
naiiowei than the unbaked sample but degiee of nai rowing is less compared to an baked 
sample 



Fig 6.2.5.1.1: PL intensity variation with baking tune 
As in the case of an baking, the luminescence at the lower wavelength peak 
disappeais with baking and must originate from solvent trapped in film duiing spin- 
coating This study clearly shows that 15 minutes of baking is enough as far as 
luminescence is concerned 

6.2.5.2 Effect of duration of baking in nitrogen on degradation 

Baking significantly improves the degradation resistance of CNPPV under laser 
irradiation Howevei after prolonged baking for 45 min, enhancement m PL intensity is 
observed fot the 45 min & 60 mm baked samples as shown in Figure 6 2 5 2 1 
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Fig 6.2.5.2.1: Noimalized PL intensity degiadation under laser with baking time 

The unbaked sample shows seveie laser induced degradation but with slower rate 
as compaied to air baked sample Surpnsingly howevei it shows increase after about 200 
sec of iriadiation Degradation resistance clearly increase with baking time For the case of 
curve corresponding to 45 min baking in Figure 6 2 5 2 1, note that there is initial 
enhancement and then giadual decrease at much longer exposure times This indicates that 
the piocess responsible for enhancement is an independent process competing with that 
responsible for decrease Once degradation lesistance saturates with baking time, 
enhancement of PL is observed Hence the increase observed at long time for unbaked 
samples is due to degiadation resistance achieved due to in-situ baking occurring with laser 
11 radiation during measurement 
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a) Unbaked b) Unbaked ait and nitrogen 



Fig 6.2.5.2.2; Degiadation of unbaked and 15 and 30 min nitrogen baked samples 

Figure 6.2.5.2.2 show fit to first order exponential decays foi the case for 15 min 
and 30 mm baking time. Degiadation time constants aie lower compared to air baked 
samples for each case. Changes in spectral features for baking in nitiogen for different 
duration is tracked by showing normal and normalized spectra in Figuie 6.2.5.2,3. Each 
figure consists of spectra for piogressive laser exposure times The difference in 
degradation resistance in unbaked samples processed under air and nitiogen comes out by 
Figure 6.2.5.2.2 b). 
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6.2.5.3 Effect laser irradiation side on degradation 

Effect on degradation with polymer and glass side irradiation is shown in Figure 6 2 5 3 1 



T im e (s) 

Fig 6.2.5.3.1: Effect of side of polymei and glass side irradiation on degradation 
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Fiont side irradiation 


Glass side irradiation 




Fig 6.2.5.3.2: Exponential fitting for different side of irradiation decay curves 

The degradation m the glass side irradiation is much faster with almost twice tlie 
decay rate. This can be simply understood by the fact that light is reflected more at the 
an /polymer interface (about 16% for normal incidence considering refractive index of 
polymer to be approximately 2 3), while it is only 4 % at the glass polymer interface. The 
decay rate would be proportional to the light intensity. Therefoie in employing 
comparative measurements of this type, it is important to keep the illumination side same 
among othei experimental conditions. Since the intensity of light is very high and the 
samples transmit most of the light, sample volume or thickness or inhomogenity doing 
thickness should not play a role in this manifestation of this difference 

6.2.5.4 Effect of vacuum on degradation 

The effect of carrying out laser inadiation in vacuum on the degradation of CNPPV 
is shown in Figure 6.2.5. 4.1. PL enhancement is observed for laser irradiation under 
vacuum and then subsequently when the same measurement is carried out in air, the PL 
intensity decays. All the measurements were done at the same spot in the polymer sample. 
Spot was formed when laser was irradiated in air, but no such spot was formed by just 
laser irradiation under vacuum. 
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Fig 6.2.5.4.1: PL intensity variation under vacuum, air and again under vacuum 
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Curve 3 m the figure 6 2 5 4 1 shows a subsequent measui ement aftei recreating 
vacuum in the sample chamber Again there is some degradation with lasei irradiation 
This suggests that on measuring the degradation in air, some oxygen is getting entrapped 
within the film The trapped oxygen is responsible for an initial degradation under vacuum 
till it IS then eithei consumed during irradiation or driven out of the film under vacuum 


The PL decay of CNPPV under an ambient showed second order exponential decay 
compaied to first older foi eailiei CNPPV without vacuum experiment The fitted decay 
plots and the comparison with direct air degradation are shown in Figure 6 2 5 4 2 
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Fig 6,2.5.4.2; Fitting and comparison of degradation in air and nitrogen 
The comparison shows that the initial rate of decay foi air degradation after 
vacuum laser irradiation is initially faster, but in a larger time scale it stabilizes and the net 
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degradation is slower This signifies some degiadation resistance initiated by laser under 
vacuum that still needs to be piopeily understood Also enhancement is shown undei 
vacuum under laser irradiation, which shows some mechanism involved with lasei 
radiation creating some change in the polymer itself This cannot be due to increase in 
temperature by laser irradiation since it is known fiom experiments conducted in our 
laboratory that an increase in temperature leads to decrease in PL intensity accompanied by 
changes in FWHM of spectra This also proves that laser and oxygen both are required for 
the degiadation and any one of them is not good enough foi the degiadation to occur Since 
light cannot be avoided in an OLED device, so theie is requirement of pioper 
encapsulation so that oxygen can be avoided 


The plots of PL spectra for sample under vacuum and then in air followed by the 
plots under vacuum again is shown in Figure 6 2 5 4 3 
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Fig 6 . 2 . 5 . 4 . 3 : PL spectia of vacuum baked CNPPV samples with ii radiation time 


There is minute decrease m the width of the PL spectmm with laser, but after air, 
when again laser is irradiated, there is no change in the width of the PL spectrum 

6.2.5.5 Effect of laser intensity on degradation 

The degiadation rate is studied at different intensities of 1, 0 5 and 0 3 respectively The 
intensities were vaiied with neutral density filters For lower fractional intensities there 
was inadequate PL to detect The effect of laser intensity on PL degradation rate is shown 
in Figure 6 2 5 5 1 The time constants corresponding to first order decay kinetics is 
obtained as a function of fraction of input light intensity as shown in the Table 6 2 5 5 1 


Degradation foi diffei ent intensities Intensity 1 
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Fig 6.2.S.5.1: Degradation rate variation with intensity with their fittings 
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Table 6.2.5.5.1: Variation of decay time constant with intensity 
Though the decay rate is dependant on photo flux, it is not a linear function. It is 
not possible to guess the functional form of this dependence with this limited data 
Howevei fiiither studies of this dependence can give insight into this degradation 
mechanism 

6.3 Electrical Characteristics 

Ultimately the aim of any degradation studies of material is to establish lelationsliip 
of material degiadation to device lifetime. However in this work the focus has been on 
ability to characteiize material oxidation. Nonetheless, experiments were carried out to 
study electiical characteristics of devices fabricated from materials studied m earlier 
sections 

Apart fi'om laser induced degradation of luminescence, a device is susceptible to degrade 
by many other routes. We give below an indicative list of instabilities found during this 
woik to aid futuie systematic correlation and diagnostics dming the process of material 
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development. A typical I-V characteristic of an ITO/PPV/Al device is shown in Figure 
6.3 1 The tuin-on voltage for this device is particularly low and slope of logl-logV 
show two slopes of 1 and 2.5 respectively. The slope 1 coiresponds to ohmic regime, 
but wc get the othei slope to be 2.5 instead of 2 expected for space charge regime. A 
subsequent measurement of I-V changes the I-V characteristics indicating possible 
degradation of contacts oi chaige accumulation in the device These features are 
curiently being studied more thoioughly by others in our laboratory. 



Voltage (V) 

Fig 6.3.1: 1-V charactei istics of a PPV device 


The reverse bias affects the forward 1-V of a PPV device after application of 
reverse-bias as shown m Figuie 6 3.2 
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Fiisl the 1-V characteristic of the device is checked for proper diode 
chaiacteiistics Then aftei waiting foi 20 sec at —3 V leverse bias, the voltage is swept 
from ~3 V to 8 V at a sweep rate of 0 1 V/sec A peak appeals in the forward I-V at 
aioiind 4 V This may be due to suspected space charge accumulation neai the 
electiodes lesulting in the increased injection and hence a higher current density Aftei 
4V, It appears tliatthe accumulated space charge during reveise bias gets dispeised due 
to forward bias resulting change in charge polarity 






+ 


Reverse Bias Forward Bias 

Accumulation of chaiges at the electiode either due to interface polarization or 
barriei foimation with reverse bias Duiing subsequent forward bias, the cuiient is 
lower and the voltage at which peak occurs is also higher Then at higher voltages the 
current levels again returns to lower current state This may be attributed to lowei space 
charge concentration in second sweep 

The current density of the device increased with successive sweeps ultimately 
leading to a shorting of device After keeping the device for three months, there is no 
significant change in cuiient levels Then on applying reveise bias, again a peak 
appeals in the 1-V charactensitics The 1-V is shown in Figure 6 3 3 



Fig 6.3.3 : 1-V sweeps on aPPV device and the reverse bias behavioui 
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Following this measurement, it was suspected that such instabilities can be due 
to impurities The PPV polymer was further purified and then the I-V characteristics of 
flesh devices weie measured as shown in the Figure 6 3 4 Now iindei forward bias, 
there is deciease in cm rent levels on successive sweeps for higher voltages, which may 
be due to degiadation 



V 0 Ita g e 

Fig 6.3.4 : Variation of 1-V with voltage foi PPV device 
Hence I-V was measured keeping the sweep levels of voltages constant from 0 
to 2 V, to separate out the contiibution of degiadation Figure 6 3 5 summarizes T-V 
changes over five sweeps Clearly electrical characteristics are sensitive to sources of 
charge process in the materia! and interfaces Devices made out of purer material gave 
bettei 1-V characteristics However it still depends on number of measurement sweeps 
Hence it can be infened that highei tum-on voltage with higher voltage may be 
actually due to degradation rather than due to increase of voltage 



Fig 6.3.5 : I-V sweeps sliowmg higher turn on successive sweeps 
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During the course of this work, impedance spectroscopy was attempted to 
separate out the factors of degradation and to distinguish between degradation due to 
contacts and degradation due to material. However it was observed that application of 
sinusoidal voltage to the device during the measurements changes I-V characteristics of 
the device as shown in Figure 6.3,6 indicating that AC voltage may lead to either 
accumulation of charge or polarization in the device 



Fig 6.3.6: I-V before and after impedance spectroscopy on device 
When impedance spectroscopy was attempted in vacuum, it also showed 
instability during I-V measurements, which in turn became almost linear. But 
surpiisingly it recoveied partly in keeping the device without applying bias for one day 
in vacuum 

6.3.1 Electroluminescence and its degradation of Bilayer Device 

Electroluminescence from single layer PPV device was very short-lived for 

performing the experiments. So ITO/PEDOT/PPV/CNPPV/Al device was used for this 
study. Double layer inci eases the stability of the device and increases the efficiency by 
providing charge balance and avoiding quenching of elections and holes. 
Encapsulation under nitrogen environment with a glass plate was also tried with UV 
cuiable epoxy. The encapsulation gave better results with more brightness and highei 
lifetime 

As we have seen that device characteiistics are also very sensitive to process 
other than material degradation. In order to get an idea of device lifetime, intensity can 
be monitoied as a function of time. The EL spectrum of the device is shown in Figure 

6.3. 1.1 
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Fig 6.3.1.1: EL spectrum of Bilayer Device 


The spectrum shows contiibution ftom the PPV as well. The recombination mainly 
takes place m the CNPPV region as the electron injection and transport becomes the 
bottleneck in the process. There was degradation in the EL intensity when the device 
was kept under electiical stress even when encapsulated. The plot showing the 
deciease in the EL intensity for a typical device is shown in Figure 6.3.1 .2 



T Im e (s ) 

Fig 6.3.1.2: EL decay of Bilayer Device 

The EL showed first ordei exponential decay with time constant of around 44 sec 
Howevei it is not possible to isolate at this stage the step that limits lifetime Our 
studies suggest that at the photon densities of operation of the device, material 
degradation being not the rate-limiting step. The material degrades in air at much 
higher photon densities in thousands of seconds. Hence device characteristics or 
injection mechanisms seem to limit EL rather than photo-oxidation of materia! in 
present study. 
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Siiinniaty 


rhougli degiacialion of luminescence due to photo-ovidation in the light emitting 
potymeis is by now a well known fact as is cleai from our review in Section 4 j. there aie 
seveial significant featuies of the phenomena that are yet to be coherently understood In this 
study, we have desciibed laser induced degiadation of PL as a method of evaluating piocess 
and matetia! quality This has been used to study the effect of preparation ambient and 
baking conditions on degradation resistance of thin films of PPV and CN~PPV We also 
show that at the piesent stage of our device development effort in the Laboiatory, the device 
lifetime is limited by a fastei piocess than material degradation due to photo-o\idation, and 
that devices are unstable and sensitive to charge accumulation processes 

We 1 eport for the first time significant systematic similarities and differences between 
lasei induced degradation of PPV and CN-PPV The PL intensity degradation in air for PPV 
shows two I ate constants for all samples, wheieas baked CN-PPV shows only one 
chaiacteiistic decay rate constant In addition, we observe significant changes in spectial 
feattire for PPV with degradation in contrast to the case of CN-PPV Both these facts taken 
together suggest that defects cieated in PPV by photo-degradation influence the environment 
of the chiomophores In contradistinction to this, in CN-PPV there seems to be diffusion of 
earners or excitons from degraded chains to undegraded chains, and hence PL intensities 
decrease without observable changes in spectral features This has been invoked by Gobato 
et al (2002) in PPV to explain their findings regarding PL intensity dynamics due to laser 
induced effects in an They have also reported obsewation of PL enhancement for thick 
films (few microns), while for films thinner than the penetration depth of the lasei both 
initial mciease and then deciease of PL intensities have been observed Note that in this 
work all films were thinner than the penetration depth of the laser and we only observe 
intensity decay for al) cases in air, while enhancement is observed for al! cases in vacuum 
More work is required to undei stand the origin of PL enhancement, and increased 
degradation resistance due to laser iiiadiation in vacuum Specifically a coi relation ol 
suiface modification using microscopy (AFM), and changes m absoiption coefficient using 
transmittance and elfipsomedic studies are needed to unravel mechanisms underlying these 
elTects 
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Conclusions 


The display technology based on organic or polymer light emitting diodes provides a 
[ood prospect of becoming the dominant technology of flat and possibly flexible displays m 
he near future due to its many advantages. However, the major problem with PLED/ OLED 
s the degradation and lifetime of the devices. Hence there is at present extensive research in 
his field to control the degradation of OLED, which prevents widespread commercialization 
if OLED/ PLED technology In this work, UV laser induced degradation of polymers such as 
*PV and CN-PPV is studied under different conditions of preparation such as ambient and 
laking schedule. 

In the cuiTent study, thin films of PPV and CN-PPV were spin-coated on glass plates, 
ind piimarily their photoluminescence degradation was studied with 442 nm line of He-Cd 
asei under vacuum and ambient conditions Preliminary observations on instabilities 
issociated with electrical measurements of devices fabncated from same material have also 
leen pointed out. 

A summary of the results obtained are listed below: 

i . Reflectance and photoluminescence: effect of optical geometry of samples 

This work involved monitoring PL spectra, and PL intensity as a function of time; during 
the comse of this work several useful features in optical characterization of these thin 
films on glass substrates were encountered e.g 

> Reflectance of polymer film changes with back metallization and hence PL intensities 
show an approximate foui times increase in photoluminescence with back 
metallization. 

> Double coated PPV films at 800 rpm from a Xanthate precursoi solution of 1 8mg/cc 
gives around 0.5 microns thickness; and this is the order of thickness, which we could 
reliably characteiize by spectral reflectance measurements. Most films studied in this 
work ai-e an order of magnitude smaller, and can be considered thin as compared to the 
penetration depth of the 442rmi laser light used for excitation and photodegradation. 

> PL intensities are higher when laser is irradiated from the glass side than when 
irradiated from the film side since reflectivity of air/polymer interface is more than 
glass/polymer interface. 
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2. PL intensity varies linearly with excitation intensity till the maximum intensities used 

(0.5mW/mm^). 

3. Laser induced degradation in an of PPV films 

> PPV thin film PL intensity degrades with time in air with laser irradiation at 442nm 
with power 0.5mW/nim showing second older exponential decay with tune constants 
of the oidei of appioximately 110 and 900 seconds 

> PL spectrum fits with four Gaussian peaks observed at 508, 543 1, 580,9, 603 6 nm 
respectively with 508nm peak corresponding to the HOMO-LUMO gap and others as 
well resolved phonon replicas. 

> Peak2 at 543nm blue shifts by 5.4 nm while peak4 red shifts by 45.6 nm 

> Peakl decays fastest and peak2 decays slowest. 

> Except for Peak ^WHM of all other peak decrease slightly with increase in exposure 
time; FWHM of peak2 increases from 35nm to 5 Inm 

> Red shift and FWHM increase foi Peak 4 at 603nm taken together suggests that it is 
associated with torsional mode of vibration which is hindered by carbonyl or 
formation of other PL quenching centers with laser exposure m air 

4. Laser induced PL degradation for vacuum dried PPV films 

> PL enliancement was obseived with laser irradiation in vacuum, however, in contrast 
PL decay was observed when irradiated in air. 

> Both the dominant peaks at 508nm and 543 nm display second order exponential 
decay of PL intensity with exposure time. 

> Slight blue shift of the peak2 is observed showing that it is the peak at 540nm that is 
most sensitive to changes in conjugation length 

> Degradation in air is slower for vacuum dried samples as compared to oven dried 
samples in nitrogen demonstrating efficacy of vacuum drying in reducing oxygen 
content of processed films 

> No peak shift occurs when lasei iriadiation is carried out under vacuum clearly 
indicating absence of pioductionof quenching centers which affect conjugation length 
of polymer chains 

> Paitial recovery of PL intensity occurs in vacuum following laser irradiation in air. 
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5. Laser induced PL degradation in air of CNPPV films coated and baked in air 

> CNPPV film PL spectrum led shifts with baking along with narrowing in spectrum 

> PL Unbaked sample degrades very fast which decreases on baking but again increases 
foi baking foi higher time- 

> Unbaked sample shows blue shifting along with increase of width of the spectrum . 

> No peak shift observed in CNPPV with decrease in PL intensity showing that 
degraded chains do not give rise to PL, most probably owing to diffusion of carriers 
fiom degraded to undegraded chains. 

> First order exponential decay is obseived with laser induced degradation in air for 
baked samples, while the decay is second ordei foi unbaked sample The lime 
constants of degradation due to letention of solvents and due to oxidation from the 
ambient are different giving rise to two time constants foi unbaked samples, 

> Red shift in transmittance minima is observed for baked samples as compaieci to 
unbaked samples. 

6. Laser induced PL degradation of CNPPV films processed in nitrogen ambient 

> CNPPV film PL spectrum red shifts with baking along with narrowing m spectrum 

> PL intensity shows initial decay, and then enliancement observed for unbaked sample 
suggesting competition between degradation and m-situ diying 

> Degradation is observed, but enhancement is also obseived for higher times in baked 
samples 

> Degiadation rate for samples baked in nitiogen ambient is slower compared to air 
baked samples indicating the role of oxygen or moisture in the film in degradation 

> Fiist order exponential decay both for baked and unbaked samples in contrast to 
second order decay for PPV in all cases 

> Slight blue shift of longer wavelength is observed accompanied by decrease in width is 
observed 

> The degradation rate is dependent non-lineaily on photon flux and nearly halves when 
intensity of the laser is reduced by a factor of 0.3 

7. Laser induced PL in vacuum of CNPPV films prepared in nitrogen ambient; 

> PL enhancement followed by a slight decay is observed under vacuum 

> However, decay is observed when laser irradiated in air, though significant resistance 
to photo-degradation is obseiwed following laser irradiation in vacuum 
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> A small second order exponential decay is again observed when put in vacuum and 
then irradiated with laser suggesting entrapment of oxygen during laser irradiation in 
air 

> Slight blue shift and spectnnn narrowing is observed lasei exposure in vacuum, and 
these changes are more pronounced for exposure in air 

> Under subsequent laser inadiation in vacuum, no further change in spectral lineshape 
is observed 

8 Electiical Characteristics of typical sample devices 

> Accumulation is space charge seen in the forward I-V after application of reverse 
bias, and degree of accumulation decreases with subsequent sweeps 

> No significant change is observed in I-V with storage for about three months 

> Proper processing of polymer reduces space chaige showing degradation with sweeps 

> Electroluminescence decay of typical bilayer PPV-CNPPV (nominally encapsulated 
under dry nitrogen) device with a time constant of 44 sec is observed 

> The observed EL decay is not limited by material degradation due to light emission 
since this work shows that it occurs on much longer time scale for as high intensity as 
0,5mW,nim^; device parameters for current devices aie degrading faster than material 
properties. 

In short we demonstrate the importance of laser induced accelerated degradation tests, and 
also show that the resistance to degradation of light emitting polymers can be increased by 
UV laser irradiation under vacuum. 


Future scope of Work 

• This work opens up heuristics for further woik on degradation characterization in 
course of development of polymers Hence this can be used to optimize 
processing conditions and more importantly to elucidate underlying mechanisms 
of degradation in air and PL enhancement under vacuum. 

• CoiTclated studies on FTIR for vibration modes and ellipsometry for progressive 
changes in optical constants and thickness would be extremely useful in 
identifying structural changes both at the level of chain and aggregation in thin 
film form. 

• The functional dependence of decay time on light flux would be useful in defining 
rates and characterizing degradation reactions, 

• Needless to say, correlation of material degradation to device degradation is an 
urgent task, which was out of scope of this work. Electrical characterization based 
on impedance spectioscopy is needed to distinguish between contact and bulk 
degradation, and the role of interfaces in determining device characteristics and 
ultimately lifetime of PLEDs. 
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,. FWHM of peakl is almost constant, but for peak2 it is almost monotonously increasing and 
. Peak2 is blue shifting by around 4nm in 1 000 sec. 

























































































